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1.0 Introduction 





The PEEL Software and Applications Handbook 


Welcome to the PEEL Software and Applications Handbook 
from International CMOS Technology, Inc. (ICT). This hand- 
book is designed to be used in conjunction with PEEL Device 
Software included on two floppy diskettes (System diskette and 
Applications diskette). PEEL Device data sheets may also be 
useful for reference. Please check to see if you have these 
items, if not, contact your local ICT sales representative listed 
in the last section of this manual. 


Before using the software, read through chapter 2.0 of the 
handbook for an overview of the features and operation of the 
software. Once familiar with its operation, chapter 3.0 contains 
information for getting started with the software, including in- 
Stallation procedures. To assist in using the software quickly, 
chapter 4.0 offers a step-by-step guide for executing common 
functions. 


For designing with the APEEL Logic Assembler, chapter 5.0 
contains a complete language reference guide, and chapter 6.0 
provides an APEEL applications primer as well as several ap- 
plication examples of APEEL source files that are included on 
the Applications Diskette. Additionally, the Appendix includes 
useful reference information for using the software and 
programming PEEL devices. 


Please note that although this book deals exclusively with 
PEEL device software from ICT, PEEL designs can also be im- 
plemented using popular third party software products such as 
ABEL from Data I/O Corporation and CUPL from Logical 
Devices. Many of the examples and techniques covered in this 
book will serve as a useful reference when using these 
software packages with PEEL Devices. 


We at ICT hope you find the PEEL Software and Applications 


Handbook a valuable tool for designing with the PEEL device 
family. Thank you for your interest in PEEL Devices. 
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2.0 Software Overview 





The PEEL Device Software 


The PEEL Device Software provides a PC-based tool for 
designing with the PEEL Device family of Programmable, 
Electrically-Erasable Logic devices from International CMOS 
Technology, Inc. (ICT). Created to serve as a "personal PLD 
workstation", the PEEL software allows easy access to all 
operations, from initial design entry to program and test using 
the PEEL Development System (PDS-1, see appendix B) or by 
using third-party programmers via the serial port download 
utility. 





The Software consists of: 


- A System diskette which contains the PEEL system and 
installation files. 

- An Applications diskette containing several APEEL ex- 
ample files, one PEEL Translator Scampie file, and the 
PEEL Editor system files. 


IES The software features described in this manual refer to 
software marked with version number V3.30 or greater 
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Key Features of the PEEL Device Software 


Key features include: 


- APEEL™ Boolean Logic Assembler 
— Supports all advanced features of PEEL devices 
—~ "PALASM®.-like" sum-of-products equations 
—- "ABEL®-like" macro cell definitions 
— Logic Simulation 


- JEDEC file translators for sixty-nine Standard PLDs 
« Built-in File Editor 
— To edit source, JEDEC, or test-vector files 
— Interacts with APEEL when assembly errors are found 


- Upload/download JEDEC files via the serial port 1 or 2 


- Video Terminal Emulator to control third-party program- 
mers within the PEEL software environment 


- Expandable and Accessable 
— New features and devices supported with software up- 
dates 
— No copy protection 
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PEEL Device Development Process 


The PEEL Device Software includes two unique tools for 
designing with PEEL devices: 


- The APEEL Logic Assembler 
- JEDEC File Translator 





Figure 2-1 illustrates the PEEL development process using the 
APEEL Logic Assembler or the JEDEC file translator. 


The APEEL Logic Assembler can be used to create new 
designs specifically for PEEL devices. The software includes a 
screen editor for entering and editing your design files. APEEL 
software then assembles the design file and creates a JEDEC 
file which can be used to program PEEL devices. 


The JEDEC file translator allows logic functions created for 
other PLDs to be programmed into PEEL devices. That is, if you 
have used some other logic assembler or compiler to develop 
a design for one of the PLDs which PEEL devices emulate, you 
can use the translator to program the same function into a 
PEEL device. The translator reads a PLD JEDEC file and 
produces a new JEDEC file which can be used to program a 
PEEL device. 


Once a PEEL JEDEC file has been created, a PEEL device can 
be programmed and secured by using ICT’s PEEL Develop- 
ment System (see Appendix B) or by using third-party program- 
mers via the serial port utility. 
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APEEL Logic Assembler 


The APEEL Logic Assembler is used to create new designs 
specifically for PEEL devices. Using the software’s built-in text 
editor or another word processor, APEEL logic equations and 
test vectors are entered and saved as an APEEL input file (refer 


to the APEEL Language Reference chapter for a detailed 
description of APEEL). 


Once the design is entered and saved, APEEL software can as- 
semble the file. During assembly APEEL software checks for 
syntax errors. If errors are found, the APEEL assembler will in- 
teract with the editor to open the file and move the editor’s cur- 
sor to the error (highlighted) location. A brief description of the 
type of error will also be displayed on the upper right corner of 
the editor’s screen. 


When the input file is successfully assembled, its logic func- 
tions may be simulated if user-defined test vectors are 
provided. If simulation errors are found, APEEL will specify the 
test vector where the error occurred. If there are no simulation 
errors, a PEEL JEDEC (*.JED) file can be created, or optional- 
ly, fault grading may be performed. 


Fault grading provides the means for measuring how well the 
test vectors for the APEEL file cover all possible logic condi- 
tions. The fault grader exhaustively exercises the inputs of the 
simulated files to check for "stuck-at-1" and "stuck-at-0" fault 
conditions. It then compares the vectors required to do this with 
the APEEL vectors provided. The final grading is given in per- 
centage of faults covered. The better the percentage of 
coverage the more likely the test vectors will have tested all 
possible logic conditions. A report of low fault coverage is an in- 
dication to improve the APEEL file test vectors. Because fault 
grading can be very time consuming, it is optional and recom- 
mended only for those who wish to use it. 


Once the assembly (simulation and fault grading are optional) 
is completed, a PEEL device JEDEC file is created and saved 
to disk. This JEDEC file is now ready to be used for program- 
ming a PEEL device. A step-by-step procedure for assembling 
and simulating an APEEL design file is described in the chap- 
ter titled "A Step-By-Step Guide". 





2.0 Software Overview JEDEC File Translator 


These PEEL devices are supported by APEEL V3.30 


PEEL18CV8 PEEL20CG10 PEEL22CV10 PEEL22CV10Z 
PEEL153 PEEL173 PEEL253 PEEL273 


JEDEC File Translator 


The JEDEC-file translation utility of the PEEL Device Software 
translates JEDEC files created for programming other PLDs to 
JEDEC files used for programming PEEL devices. The trans- 
lated JEDEC file will program a PEEL device to be a pin-for-pin 
replacement for the original PLD. The utility translates JEDEC 
files that have been written on a disk. If a disk file is not avail- 
able, the pattern may be read from a master device with ICT’s 
PEEL Development System or a third-party programmer. When 
a third-party programmer is used, the software will allow the 
file to be uploaded through a serial port and written to a file. 


The translated PEEL JEDEC file is given the name of the 

Original file with the ".JED" extension modified to ".JEX". The 

".JEX" file can then be used to program your PEEL devices. 

The complete procedure for translating a PLD file to a PEEL 

device is described in the section titled "A Step-By-Step 

Guide". 

These devices can be translated to the PEEL18CV8 (V3.30) 

PAL16L8 PAL16R8 PAL16R6 PAL16R4 
PAL16P8 PALI6RP8 PALI6RP6 PALI6RP4 
PAL10L8 PAL12L6 PAL14L4 PAL16L2 
PAL10H8 PAL12H6 PAL14H4 PAL16H2 
PAL16H8 PAL16LD8 PAL1IGHD8 PAL18P8 
GAL16V8 EP310 EP320 5C031 


5C032 
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These devices can be translated to the PEEL20CG10, PEEL22CV10, 
and PEEL22CV10Z (V3.30) | 


PAL20L8 PAL20R8 PAL20R6 PAL20R8 
PAL20L10 PAL20L2 PAL18L4 PAL16L6 
PAL14L8 PAL12L10 PAL22V10 PAL20G10 
GAL20V8 


The PAL22V10 is JEDEC file compatible with PEEL22CV10, so 
no translation is actually performed by the software in this case. 


These devices can be translated to the PEEL273 (V3.30) 
| PLS173 PAL20L10  PAL20L8 
These devices can be translated to the PEEL173 (V3.30) 


| PAL20L10  PAL20L8 


The PLS173 is JEDEC file compatible with PEEL173, so no 
translation is actually performed by the software in this case. 


These devices can be translated to the PEEL253 (V3.30) 
| PLS153 

These devices can be translated to the PEEL153 (V3.30) 
| PLS153 


The PLS153 is JEDEC file compatible with PEEL153, so no 
translation is actually performed by the software. 
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3.0 Getting Started 





System Requirements 


The following computer system configuration is required for 
operating the PEEL Device Software: 


- IBM PC, XT, AT or compatible 

- Minimum 384 K-bytes RAM space 

¢- Monochrome or Color Display 

- Two 360K floppy-disk drives, or one floppy disk drive and 
a hard disk 

- DOS version 2.1 or greater 





If necessary, both original diskettes can be copied to a 1.2M 
diskette for single floppy drive operation. : 


Although the minimum RAM requirement is specified at 384 K- 
bytes, the PEEL software can still be executed with only 256 K- 
bytes of RAM. When using the software on a system with only 
256 K-bytes of RAM, certain features (listed below) must be ex- 
ecuted from DOS by typing the specific file name. 

¢ PEEL Translator (PEELXLT.EXE). 

¢« PEEL Editor (PEELEDIT.COM). 
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Software Initialization 


Floppy-Disk Based Systems 


If you are using a computer with only two floppy disk drives, the 
following procedure must be used the first time you use your 
PEEL Device Software, or whenever you move your PEEL 
Device Software to a different computer: 


» Turn computer on and boot-up with DOS 2.1 or greater 

» Make sure you have a back-up of the original diskettes. 

» Insert the system diskette into drive A: and the applications 
diskette into drive B: 

> At the A: prompt, type INIT and press [ENTER]. 

> Answer the set-up questions for system-type, color, and 
sound. Be sure to select B for dual floppy-disk operation 
when prompted for system-type. 

> The software is now ready for operation. 


Once initialized for your computer, the software is re-entered 
with the following procedure: 


> Turn computer on and boot-up with DOS 2.1 or greater. 

> Insert the system diskette into drive A: and the Applications 
diskette into drive B: 

> At the A: prompt, type PEEL and press [ENTER]. Note, press 
[ENTER] twice to bypass the PEEL software boot-up mes- 
sages. 

» The software is now ready for operation. 


ireS The system diskette must remain in drive A If you wish to ac- 
cess a file from another diskette, use drive B: (see "Select New 
Drive, Directory, or Mask" in Step-By-Step Chapter for instruc- 
tions on changing the file selection screen to select drive B:) 
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Hard-Disk Based Systems 


If you are using a computer with a hard disk, the following pro- 
cedure must be used the first time you use your PEEL Device 
Software, or whenever you move your PEEL Device Software 
to a different computer. 


> Turn computer on and boot-up with DOS 2.1 or greater 

>» Make sure you have a back-up of the original disk diskettes. 

> Insert the system diskette into drive A: 

> Type A:INSTALHD and press [ENTER]. This creates a 
"PEEL" directory on your hard disk and copies into it all the 
files from both the diskettes. 

> A prompt will instruct your to insert the PEEL Applications dis- 
kette into the drive. Do so and press [ENTER]. After copying 
the files, the PEEL software will boot-up automatically. 

> Answer the set-up questions for system-type, color, and 
sound. Be sure to select A for hard disk operation. 

> The software is now ready for operation. 
After exiting the software, you can leave the PEEL directory 
by typing CD\ and pressing [ENTER]. 





Once the PEEL Device software is installed in your hard disk, 

the software can be started with the following procedure: 

> Turn computer on and boot-up with DOS 2.1 or greater. 

> Change to the PEEL directory by typing CD\PEEL and press- 
ing [ENTER]. 

> Type PEEL and press [ENTER]. Note, press [ENTER] twice 
to bypass the PEEL software boot-up messages. 

» The software is now ready for operation. After exiting the the 
software, you can leave the PEEL directory by typing CD\ and 
pressing [ENTER]. 
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The "Main Menu" 


The first screen to appear after the initialization and sign-on 
messages will be the "Main Menu" which contains the majority 
of the commands used with the PEEL Device Software Kit. 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


Load 
Program 
Verify 
Test 


aUxiliary 


Read from disk 

Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


Enter Selection > 





The main menu is divided into three command sections: 
DEVICE; JEDEC FILE; and UTILITIES. 


The DEVICE section controls all operations pertaining to the 
PEEL device programmer module. The commands include: 
Load; Program; Verify; Test; and other auxiliary functions. 
These commands are provided only to illustrate the capabilities 
of the PEEL Development System. 


The JEDEC FILE section controls the primary operations used 
for working with JEDEC files. These functions include: Read 
from disk; Write to disk; COM transmit/receive; Dis- 
play/print; Translate; and Check sum. 


The UTILITIES section allows access to the functions: Help; 


Setup; File/directory; Edit; APEEL; VT Emulation; and Quit 
to DOS. 
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Command Selection 


To select a command from the main menu, simply press the let- 
ter that corresponds to its adjacent command word. Some com- 
mands will have secondary command menus or prompts which 
must be followed to complete the original command. 


"H" is for Help! 


When in doubt about the operation of a command, press H for 
help. This will display an on-line help file that contains a com- 
plete list of the PEEL Device Software commands, each with a 

brief description of its operation. After selecting H, any com- i) 
mand letter can be pressed to get help on that specific com- 

mand, or press H to present the entire help file. 





Exiting And Re-entering The Software 


Exiting the PEEL software is done from the main menu by 
pressing Q for Quit to DOS. Doing this will cause a prompt to 
appear asking you to confirm that you wish to quit. If you 
respond by entering Y, the software will terminate and the DOS 
prompt will appear. 


To re-enter the software from DOS, simply type PEEL and 


press [ENTER]. (Press [ENTER] twice to bypass the PEEL 
software boot-up messages.) 
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4.0 A Step-by-Step Guide 


In this section, the step-by-step procedures illustrate how to 
use some of the major main menu commands. Please note that 
you must begin each of the step-by-step procedures at the main 
menu prompt. 


Assemblie/Simulate an APEEL File 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 





Load 
Program 
Verify 
Test 
aUxiliary 


Read from disk 

Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


— 
= 
— 
— 


iouk woud 


ON PH MI wm 
touhhoud aoa 


Enter Selection > 





1. Press "A" for APEEL 


The "Assemble File" selection screen will appear. Several 
demonstration APEEL (.APL) files provided on the Applications 
diskette will appear. Use the arrow keys followed by [ENTER] 
to select the APEEL (.APL) file you wish to assemble. If you 
don’t see the file you wish to assemble, refer to "Select New 
Drive, Directory, or Mask" found later in this section. 


rep Use V8GATES.APL if this is the first time you are using the as- 
sembler. 





4.0 A Step-by-Step Guide Assemble/Simulate an APEEL File 


2. Watch the Assembly Process 


Rs 


A description of the assembly process which converts the 
APEEL file to the PEEL JEDEC file will be displayed. Also, this 
description which includes the macro cell definitions (if ap- 
plicable to the PEEL device), pin assignments, and product 
term assignments is written to a file with the same file name as 
the source file but with an ".OUT” extension. 


By pressing [Ctrl] S, you can start or stop the scrolling of the 
display. Additionally, pressing [Ctrl] C will terminate the as- 
sembly (or simulation) process. 


lf a syntax error is found, the assembly will stop and the 
APEEL file line number with the error will be displayed. The 
editor may then be entered to correct the file. Press [Space 
bar] to enter the editor, or press Q to terminate the assembly 
and return to the main menu. Once the editor has opened the 
file, the cursor automatically goes to the error line which will 
also be highlighted. A brief description of the error and its loca- 
tion is also displayed in the upper right corner of the screen. 
When you return from the editor, the PEEL software will prompt 
you to re-assemble the file. 


lf no syntax errors are found, the assembly will conclude and 
the following prompt will appear: 





Note: Simulation is performed only if the APEEL file has test 
vectors. 


If you press Q (for Quit) after assembly, simulation or fault 
grading, the APEEL process will terminate and the PEEL 
JEDEC file will not be created nor saved to disk. If you want the | 
JEDEC file to be created and saved to disk but do not want 
simulation, you must press any key other than "S" or "Q" (such 
as the space bar). 


3. Press the "S" for Simulation (optional) 


If there are no test vectors present in the file, APEEL will omit 
the simulation and fault grading. However if test vectors are 
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provided, they can be used to verify the function of the APEEL 
design through simulation. If simulation is selected, each vec- 
tor will be displayed one at a time. 


If a simulation error is found, an error message will appear 
prior to the vector that fails. An example of the error message 
is shown below. 


ERROR! vector#8 pin=19 sim=L_ vec=H 


The above error message means that the vector 8 in the APEEL 
file has a simulation error on pin 19. The simulated level for this 
output is a LOW, but the expected output level (specified in the 
file) is a HIGH. 


If no simulation errors are found, simulation will conclude 
and the following prompt will appear: 





pas The prompt shown above assumes that the Fault Grade mode 
has been turned ON (the default condition is OFF) in the Setup 
utility. If you wish to perform fault grading, press S (for Setup) 
at main menu prompt. Then, press F to set the Fault Grade 
mode to ON. 


4. Press "F" for Fault Grade Test Vectors (optional) 


Fault grading provides the means for measuring how well the 
test vectors for the APEEL file cover all possible logic condi- 
tions. The final grading is given as a percentage of Stuck-At- 
One (SA1) and Stuck-At-Zero (SAO) faults covered. The higher 
the percentage of coverage the more likely the vectors will have 
tested all possible logic conditions. A very low percentage is an 
indication that the test vectors need to be improved. 


rS Fault grading can be very time consuming. You can press the 
space bar during the fault-grading process to get a report on 
the progress of the fault grading, or you can press Q to ter- 
minate the process. 





4.0 A Step-by-Step Guide Assemble/Simulate an APEEL File 


5. Press any key to continue 


Regardless of whether simulation or fault grading was used, 
pressing any key after proper assembly will allow the JEDEC 
file to be created and saved to disk. The JEDEC file will then be 
displayed and loaded into memory. This JEDEC file will be 
given the same name as the APEEL source file but with the ex- 
tension changed to ".JED". The JEDEC file can then be used to 
program a PEEL device. 


is During assembly, simulation, or fault grading, a description of 
the execution process is displayed. For APEEL designs which 
many product terms, the time consumed for displaying this ex- 
ecution process can be significant. There is a feature in the 
Setup utility which will turn off the display mode and speed-up 
the assembly process. Press S (for Setup) at main menu 
prompt. Then, press B to set the Brief mode to ON (default con- 
dition is OFF). 
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Translate a PLD File to a PEEL Device 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


= Load = Read from disk = Help 
Program Write to disk = Setup 
Verify = COM Transmit/receive File/directory 
Test Display/print Edit 


= aUxiliary Translate APEEL 
checKsum [A8A0] VT Emulation 
= Quit to DOS 


Enter Selection > 





1. Press "X" for Translate JEDEC file 


A prompt will appear on the screen: 


= translate Device loaded in memory 
translate File on disk 


= Quit 


Enter Selection > 





2. Press "F" to translate File on disk 


The "Translate File" selection screen will appear showing the 
files found in the directory currently specified. If you don’t see 
the file you wish to translate, refer to "Select New Drive, Direc- 
tory, or Mask" found later in this section. 


(Note: the selection "D = translate Device loaded in memory" is 
used when translating programming patterns that have been 
loaded directly from master devices with the PEEL Develop- 
ment System hardware.) 
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3. Use the arrow keys to select the file to be translated 


Note that a translation demonstration file, RSCNTR.JED, is 
provided on the PEEL Applications Diskette. RSCNTR.JED is a 
PAL16R8 JEDEC file for an 8-bit counter. 


4. Press the [ENTER] key to select file 


A list of the target PEEL devices for the translation will appear: 


18CV8 
253 

273 
22CV10Z 
20CG10 


= 
= 
= 
— 
= 
— 


Select target PEEL device > 








Note that you can terminate the translation process and return 
to the main menu by pressing [Esc]. 


5. Press the letter of target PEEL device 


If you are translating the demonstration file, RSCNTR.JED, be 
sure to type A to select the PEEL18CV8. 


6. Press the letter of source PLD 


A list of PLDs that can be translated to the selected target PEEL 
device will appear. If translating the demonstration file, 
R8CNTR.JED, select the letter B for 16R8. Otherwise, select 
the letter corresponding to the part number of the PLD JEDEC 
file being translated. 


Once you have made your selection, a prompt will appear to 
confirm your choice of the target PEEL device and source PLD. 
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Source JEDEC File: R8CNTR.JED 


Source Device Target Device 
PAL16R8 —_———_——___———» PEEL18CV8 


Do you want to change the device type? (Y/N) > 





If you press Y, you will be asked to repeat steps 5 and 6. If you 
do not need to change your selection, press any other key. 


7. Watch the translation process 


The translated and formatted PEEL JEDEC file will then be dis- 
played on the screen, updated in memory, and written to the 
currently selected drive. The file written will have the same 
name as the original JEDEC file with the extension modified to 
" JEX" to designate a translated file. The ".JEX" file can then be 
used to program a PEEL device. 





eS Turning on the Brief mode (default condition is off) in the Setup 
utility will turn the display function off to speed-up the transla- 
tion process. 
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Translate a PLD File to a PEEL Device (from DOS) 


When running the PDK-1 software on a system with only 256 K- 
bytes of RAM the translator utility cannot be used within the 
PEK-1 environment. However, the translator utility can be ex- 
ecuted directly from DOS. The PEEL device translator program 
is contained in a file called PEELXLT.EXE on the program dis- 
kette. When using PEELXLT.EXE, you must specify a PLD 
source file name, a source PLD type, and a target PEEL device 


type. 


Type "PEELXLT source_filename source_PLD target_PEEL_device" 


You need not specify the extension for the PLD source file 
name because it is assumed to have a ".JED" extension. The 
source PLD and target PEEL device types recognized by the 
translator are listed below. 


An example of the PEEL Translator command format is: 
PEELXLT R8CNTR 16R8 18CV8 

Here, the JEDEC file "R8CNTR.JED" is used in the translation 

from the PAL16R8 to the PEEL18CV8 device, and in the 

process creates the PEEL device JEDEC file "R8CNTR.JEX". 

When translating to the PEEL18CV8 


Target PEEL device: 18CV8 
Source PLDs: 


16L8 16R8 16R6 16R4 

16H8 16P8 16RP8 16RP6 

16RP4 i6LD8 16HD8~= 18P8 

16L2 16H2 14L4 14H4 

12L6 12H6 10L8 10H8 

310 320 5C031 5C032 16V8 
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When translating to the PEEL20CG10, PEEL22CV10, 
or PEEL22CV10Z 


Target PEEL device: 20CG10, 22CV10, or 22CV10Z 
Source PLDs: 


20R8 20R6 20R4 20L8 
20L10 20L2 18L4 16L6 
14L8 12L10 20G10 20V8 
22V10 (20CG10 and 22CV10Z only) 
pap No translation is necessary for PAL22V10 to PEEL22CV10 be- 
cause they are JEDEC-file compatible. 
When translating to the PEEL273 4 
Target PEEL device: 273 
Source PLDs: 





PLS173 20L10 20L8 
When translating to the PEEL173 


PEEL device: 173 
Source PLDs: 


20L10 20L8 


eS No translation is necessary for PLS173 to PEEL173 because 
they are JEDEC-file compatible. 


When translating to the PEEL253 


Target PEEL device: 253 
Source PLD: 


PLS153 


pay No translation is necessary for PLS153 to PEEL153 because 
they are JEDEC file compatible. 
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The translator program also provides the capability of translat- 
ing multiple PLD JEDEC files to different types PEEL device 
JEDEC files through the application of a DOS batch file. Here 
is an example of the batch file (PAL2PEEL.BAT). 


PEELXLT R8CNTR 16R8 18CV8 
PEELXLT DECODE 20L10 22CG10 


Typing PAL2PEEL followed by [ENTER] will automatically 
translates the RECNTR.JED and DECODE.JED to their respec- 
tive target PEEL device JEDEC files (R8CNTR.JEX and 
DECODE.JEX). 
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Read a JEDEC File from Disk 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


Read from disk 

Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Load 
Program 
Verify 
Test 
aUxiliary 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


— 
= 
= 
= 
= 
= 


Enter Selection > 





1. Press "R" to Read JEDEC File | 


The "Read File" selection screen will appear showing the files 
found in the current directory with the specified file mask. 


2. Use the arrow keys to locate the JEDEC file 


If the file you wish to read is not displayed, refer to "Select New 
Drive, Directory, or Mask" found later in this section. 


3. Press [ENTER] to read the selected file 


The PEEL device JEDEC file will be read and displayed on the 
screen. When you respond to the prompt "any key to continue", 
the PEEL software will display the name of the file that has 
been read and the PLD or PEEL device type that has been 
selected for this JEDEC file. If the selection is correct, press C 
to continue and the main screen will appear. If you press any 
other key, you will be asked to choose a new device type. The 
main screen appears once a new device has been selected. 
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Write (Save) a JEDEC File to Disk 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


Read from disk 
Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


Load 
Program 
Verify 
Test 
aUxiliary 


— 
— 
— 
— 
oo 
— 
—_ 
— 
— 
—— 


Enter Selection > 





1. Press "W" to Write JEDEC File 


The "Write File" selection screen will appear showing the files 
found in the directory with the file mask currently specified. 


2. Use the arrow keys to locate the JEDEC file (for over-writing only) 


If you wish to over-write an existing file and this file is not dis- 
played, refer to "Select New Drive, Directory, or Mask" found 
later in this section. 


If you wish to enter a new file name, press W and then type in 
the new file name followed by [ENTER]. After the file has been 
written to disk, the PEEL software will return to the main menu 
(bypassing step 3). 


3. Press [ENTER] to over-write to the selected file 
The PEEL software will prompt you to confirm over-writing to 


the selected file. Press Y to over-write the selected file (press 
N to cancel the commana). 
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Download/Upload JEDEC File via the COM Port 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


= Load = Read from disk = Help 

= Program Write to disk Setup 
Verify COM Transmit/receive File/directory 
Test Display/print Edit 


= aUxiliary Translate APEEL 
= checKsum [A8A0] VT Emulation 
= Quit to DOS 
Enter Selection > 





This feature allows you to transfer PEEL device JEDEC files 
between the PC and a third-party programmer. 


1. Press "C" to select COM transmit/receive mode 


The COM port parameter selection screen shown below will ap- 
pear. 


= COM Port : = Transmit JEDEC to COM 
Baud-rate : Receive JEDEC from COM 
Data size : = Quit to main menu 
Stop bits 


Parity 
= Timeout 


Enter Selection > 





2. Set the port parameters by pressing the appropriate letters 


The port parameter value selection is made by pressing each 
letter corresponding to the port parameters continuously until 
the desired parameter value appears. 
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3. To upload a PLD JEDEC file from a third-party programmer to 
memory: 


I 


3a. Press "R" to Receive JEDEC FILE 


The PEEL software will wait for the third-party programmer to 
transmit the JEDEC file. If no JEDEC file is transmitted within 
the period specified by the timeout value (in seconds), the COM 
Receive mode will terminate. 


You can terminate the JEDEC file reception or transmission any 
time by pressing [Esc]. 


3b. Set the third-party programmer to Transmit JEDEC file 


When transmission is complete, the PEEL software will display 
the name of the file (COM.JED) that has been read and the PLD 
or PEEL device type that has been selected for this JEDEC file. 
If the selection is correct, press C to continue and the main 
menu will appear. If you press any other key, you will be asked 
to choose a new device type. The main menu appears once a 
new device has been selected. 


The uploaded JEDEC file resides in the memory only and has 
not been saved to disk yet. 


4. To download a JEDEC file from memory to a third-party 
programmer: 


4a. Set the third-party programmer to Receive mode 


The PEEL software is equipped with a video terminal emulator 
(refer to "Using The VT Emulator" found later in this section) so 
that you can set your third-party programmer to "receive" mode 
without exiting the software. (Be sure to set your third-party 
programmer to the correct PEEL device type.) 


4b. Press "X" to Transmit JEDEC file to COM 


If the transmission is successful, press any key to return to the 
main menu. 


4-14 


Display/Print a Formatted PEEL JEDEC File 4.0 A Step-by-Step Guide 


The PEEL software will flag any reception or transmission er- 
rors due to: 
¢ COM port parameters incorrectly set. 
- Incompatible PEEL device type between the PEEL 
software and the third-party programmer. 


Display/Print a Formatted PEEL JEDEC File 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


Read from disk 

Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Load 
Program 
Verify 
Test 
aUxiliary 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


— 





fot wou wt dou 


Enter Selection > 





With this feature, you can display or print the JEDEC file that 
currently resides in memory. If you want to display or print a file 
from disk, you must first read the file into memory (refer to 
"Read a JEDEC file from disk”). 


eS The default setting for the printer port is LPT1. To select a dif- 
ferent printer port, use the Setup utility. Press S at the main 
menu prompt, and then press P to change the printer port. 


1. Press "D" to Display/print the JEDEC file 


A prompt will appear on the screen: 
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list JEDEC to Display 
list JEDEC to Printer 


Quit to main menu 


Enter Selection > 





3. If "D" is pressed 


The currently loaded PEEL device JEDEC file will be displayed 
on the screen, 24 lines at a time. To display the next full screen, 
press the space bar or any key other than "D" or "Q". To exit 
the display mode, press Q. To display the entire file without 
pausing, press D again. 


pase [Ctrl] S and [Ctrl] Q can also be used to start and stop the 
scrolling of the display. [Ctrl] C will exit the display mode. 


4. |f "P" is pressed 


The currently loaded PEEL device JEDEC file will be output to 
the printer port. Make sure your printer is on-line and ready to 
receive data. The main menu will appear when printing is com- 
plete. 
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Using The Built-in File Editor 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


= 
= 
_— 
— 


Load 
Program 
Verify 
Test 


aUxiliary 


Read from disk 
Write to disk 

COM Transmit/receive 
Display/print 
Translate 

checKsum [A8A0] 


Help 

Setup 
File/directory 
Edit 

APEEL 

VT Emulation 
Quit to DOS 


toi ft ud ou 


Enter Selection > 





1. Press "E" for Edit 


The "Edit File" selection screen will appear. Use the arrow keys 
to select the file you wish to edit and then press [ENTER]. (if 
the file you wish to edit is not displayed, refer to "Select New 
Drive, Directory, or Mask" found later in this section.) The 
selected file is loaded into the editor which appears on the 
screen. Notice the command window in the upper right corner. 
The command window will display how and when to enter or 
exit the pull-down menu. 


2. Press the [F10] key, then [ENTER] for pull-down menu 


The first pull-down command menu will appear. Use the right 
and left arrow keys to select the command type. You can use 
the up and down arrow keys to select the specific command, 
then press [ENTER] to invoke the command. 


3. Press the [Esc] key twice to exit pull-down menu 


This will cause the pull-down windows to disappear and return 
the editor to edit mode. When in the edit mode, the standard 
cursor key functions and WordStar®-type [CTRL] commands 
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can be used. For further information on the editor commands, 
refer to Apendix A or any reference book for the WordStar-type 


editors. 


4. To exit Editor, press [F10], then "F" , then "Q" 


If any changes were made, a prompt will appear for saving 
changes. If you wish not to save the edits, press N . The main 


menu will then appear. 


You can also use [CTRL] K [CTRL] Q (during edit mode only) 
to exit the editor. 
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Using The File/Directory Utilities 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


= Load 
Program 
Verify 
Test 


= Read from disk Help 

Write to disk Setup 

COM Transmit/receive File/directory 
= Display/print Edit 


= aUxiliary Translate APEEL 


= checKsum [A8A0] VT Emulation 
= Quit to DOS 


Enter Selection > 





1. Press "F" for File/directory 


The "File/directory" selection screen will appear. The create 
directory, rename directory, rename file, and erase file com- 
mands are located in the upper left corner of the screen. 
(Please refer to "Select New Drive, Directory, or Mask" found 
later in this section for changing directory or file mask.) 


If you are erasing or renaming a file, use the arrow keys to 
select the file, and then go to step 3. 


2. Press "'C" to create a directory, or press "R" to remove a directory 


The PEEL software will prompt you to enter the directory name. 
You might need to use the [Back Space] key to delete the file 
or directory name selected by the file selection screen cursor. 
If the operation is successful, you will be returned to the 
"File/directory" selection screen. Error messages will be dis- 
played if the operation is unsuccessful. 


The directory created or removed must be a sub-directory of the 


current directory. Please refer to "Select New Drive, Directory, 
or Mask" for changing the directory. 
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3. Press "E" to erase a file, or press "N" to rename a file 


If you press E to erase a file, a prompt for you to enter the file 
name appears. Most probably, a file name (selected from the 
file selection screen cursor) has already been typed in at this 
prompt. If the file name is correct, press [ENTER]. If the file 
name is incorrect, use the [Back Space] key to delete the file 
name, and then enter the correct file name followed by 
[ENTER]. Aconfirmation prompt will appear. 


If you press N to rename a file, the file name selected from the 
file selection screen cursor appears at the “old file" prompt. If 
the file name is correct, press [ENTER]. If the file name is in- 
correct, use the [Back Space] key to delete the file name, and 
then enter the correct file name followed by [ENTER]. When the 
“new file" prompt appears, type in the new file name followed 
by [ENTER]. 


If the operation is successful, the PEEL software returns you to 


the "File/directory" file selection screen. Error messages will be 
displayed if the operation is unsuccessful. 
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Select New Drive, Directory, or Mask 


The file selection screen which shows the files of the current 
directory with the specified file mask is used by the Read from 
disk, Write to disk, Translate (from file on disk), File/directory, 
Edit, and APEEL utilities. A menu of file selection options ap- 
pears in the upper right corner of the screen. 


Press "D" to change drives. 


If you wish to display a different drive, press D. Type in the let- 
ter of the new drive (do not press [ENTER] after the drive let- 
ter). 


Press "I" to specify a different directory 


If you wish to display the files of a different directory, press I. 
Backspace over the current directory name and type the new 
name followed by [ENTER]. For example, typing 
PEEL\DESIGNS would select the sub-directory DESIGNS in 
the directory PEEL. 


iS You may have noticed that all sub-directories in the current 
directory are displayed with a "/" at the beginning of each direc- 
tory name. You can actually change directory by moving the file 
selection cursor to directory and then press [ENTER]. The "/." 
and "/.." represents the root and the next higher directory 
respectively. So, you can change your directory to the root 
directory if you select "/." and then press [ENTER]. 


Press "M" for change file mask 


During file selection, the PEEL software uses a mask to control 
which files will be displayed. If you wish to change the mask, 
press M, then backspace over current mask and type the new 
mask to be used. Note that a" *" is a wild card. For instance, 
a" *.JE* " will show all files with extensions that consist of the 
" JE" (i.e., JED and JEX files). A" **" overrides the mask 
and shows all files. The mask defaults to " *.A* "in the Edit and 
APEEL directories in order to select the APEEL (*.APL) files. 
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Select File 
Once the desired drive, directory, and mask is set, the file can 
now be selected. Use the arrow keys to highlight the desired file 
and press [ENTER]. 

6. Press "Q" for Quit 


If you wish not to select a file for read, write, translate, and etc.., 
press Q to return to the main menu. 
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Using The VT Emulator 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] UTILITIES 


= Load = Read from disk = Help 

Program Write to disk Setup 

Verify COM Transmit/receive File/directory 
= Test Display/print Edit 


= aUxiliary Translate APEEL 
= checKsum [A8A0] VT Emulation 
= Quit to DOS 
Enter Selection > 





This feature allows you to exercise a video terminal emulation 
so that you can control the functions of your third-party 
programmer (if applicable). Programming features such as 
program, load, and verify can then be initiated without exiting 
the PEEL software. 


1. Press "Z" to select VT Emulation 


The COM port parameter selection screen (similar to that of the 
COM transmit/receive utility) will appear. 


= COM Port 
Baud-rate : = Terminal Emulation 
= Data size : Quit to main menu 
Stop bits 


Parity 
= Timeout 


Enter Selection > 
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2. Press the letter corresponding to the port parameters 


The port parameter value selection is made by pressing each 
letter corresponding to the port parameters continuously until 
the desired parameter value appears. 


Changing the port parameter values here will affect the port 
parameter values set in the COM transmit/receive utility, and 
visa versa. 


3. Press "T" to start terminal emulation 


You can terminate the terminal emulation any time by pressing 
[Esc]. When you press [Esc] to abort, the ASCII character for 
the [Esc] key would not be sent to the COM port. Some third- 
party programmers will end terminal or remote mode if they 
receive the [Esc] ASCII character. In this way, you can exit the 
terminal emulation mode without terminating your third-party 
programmer’s terminal or remote mode. One application ex- 
ample is the downloading of the PEEL device JEDEC file from 
memory to your third-party programmer via the COM port. Here, 
you use the terminal emulation to set the programmer to 
receive mode and then return to the main menu to execute the 
COM Transmit utility. 
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Setup Utilities 


DEVICE [PEEL18CV8] JEDEC FILE [R8CNTR.JEX] 


Load 

= Program 
Verify 

= Test 

= aUxiliary 


Enter Selection > 
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= Read from disk 


Write to disk 

COM Transmit/receive 
Display/print 
Translate 


= checKsum [A8A0] 





UTILITIES 


= Help 


Setup 
File/directory 


= Edit 


APEEL 
VT Emulation 


= Quit to DOS 


Additional features of the PEEL Device Software can be found 
under the Setup utility heading. 


1. Press "S" for Setup Utility 


Allows you to configure the operation of the system to suit your 
preferences or the requirements of your computer. Note that 
most the Setup configurations are saved to the "PEEL.SAV" 
file. Every time you call the PEEL software by typing PEEL fol- 
lowed by [ENTER], the previous Setup configuration will be im- 
plemented. If you type [INIT], the default configuration will be 


implemented. 


= Color mode is ON 

= Timer is OFF 

= Directory sort is ON 
= Fault Grade is OFF 


= Reset Program Counter 
Quit to last menu 


Enter Selection > 


= Sound mode is ON 
Brief mode is OFF 


Vector trace mode is OFF 
APEEL output file mode is ON 
= Printer Port is LPT1 
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Color Mode 


Pressing C will toggle the color mode from ON to OFF, and visa 
versa. Turn color mode on for color monitors. Turn color mode 
off for monochrome monitors or to display in black and white on 
color monitors. 


Sound Mode 


Pressing S will toggle the sound mode from ON to OFF, and 
visa versa. When the sound mode is on, your PC will produce 
various sounds as different functions are executed. When the 
sound mode is off, no sounds will be produced. 


Timer Mode 


Pressing T will toggle the timer mode from ON to OFF, and visa 
versa. During programming, when the timer mode is on, the 
system will measure and report on the time it took to program, 
verify, and test the PEEL device (applicable only for PEEL 
Development System). The default condition is OFF. 


Brief Mode 


Pressing B will toggle the brief mode from ON to OFF, and visa 
versa. When brief mode is off, the system will display the 
JEDEC or APEEL file being read, translated, or assembled. 
Turning brief mode on will disable this display feature and 
speed up the operation of the function. The default condition is 
OFF. 


Directory Sort 


Pressing D will toggle the directory sort mode from ON to OFF, 
and visa versa. When directory sort is on, files displayed in the 
file selection screen will be sorted in alphabetical order. This 
sorting process could take up to 2-3 seconds if there are a lot 
of files in the directory. The default condition is ON. 


Vector Trace Mode 
Pressing V will toggle the vector trace mode from ON to OFF, 


and visa versa. When vector trace mode is on, the simulator will 
report in detail the results of each pass for each vector through 
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the simulator. A vector pass is similar to a vector state. The 
default condition is OFF. 


Fault Grade Mode 


Pressing F will toggle the fault grade from ON to OFF, and visa 
versa. The default condition is OFF. 


APEEL Output File Mode 


Pressing A will toggle the APEEL output file mode from ON to 
OFF, and visa versa. When the APEEL output file mode is on, 
the description displayed on your screen during the APEEL 
process will be written to a file with the same name as your 
source file but with a ".OUT" extension. This is useful when you 
need a print-out copy of you simulation errors. The default con- 
dition is ON. 


Reset Program Counter Mode (PEEL Development System only) 
Pressing R will reset the program counter. 
Printer Port Selection 


Pressing P will allow you to select any one of these printer 


ports: LPT1, LPT2, and LPT3. The default port is LPT1. 
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5.0 APEEL™ Language Reference 





Using the APEEL™ Logic Assembler 


The APEEL logic assembler is used for creating custom logic 
functions for implementation in PEEL devices. Logic designs 
are specified as Boolean equations with additional statements 
specifying the desired configurations of the I/O macrocells. 
Input files may be created with most any text editor or word 
processor, including in the APEEL software package is a built- 
in word processor which is driven by familiar keyboard com- 
mands and convenient pull-down menus. 


APEEL software operates in an interactive manner during as- 
sembly. It assembles the input file while checking for syntax er- 
rors. If errors are found, the APEEL assembler will interact with 
the PEEL editor to open the input file and moves the cursor to 
the line with the error (this line is highlighted). A brief descrip- 
tion of the error and its location is also displayed in the upper 
right corner of the editor screen. When the input file is success- 
fully assembled, user-defined test vectors may be used to 
simulate the logic function created by the design. Simulation er- 
rors are reported and identified to aid in debugging. APEEL 
software can also provide fault grading of the test vectors. 





When the design is successfully assembled, APEEL software 
creates a JEDEC fusemap with JEDEC-formatted test vectors 
(if applicable). The JEDEC file can then be used by the PEEL 
Development System programmer or downloaded to a third- 
party programmer via the COM tramsmit/receive utility for 
programming PEEL devices. 


For more information on using the APEEL logic assembler, refer 
to chapter 4.0, "A Step-By-Step Guide”. 
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Elements of the APEEL™ Source File 


Elements of the APEEL™ Source File 


APEEL™ Source File Template 


You can create APEEL source files with any word processor or 
text editor that produces ASCII files. The elements of an APEEL 


source file are shown in 


the Figure 5-1. In the figure, lines 


which begin with double quotes are comments and are ignored 
by the APEEL assembler. The expressions in bold type are the 
APEEL reserved words which must be included in the file. The 
expressions in italic type are strings that you would replace 


with the appropriate pin name, logic expression, etc. The ap- 


plication examples in chapter 6 further illustrate the elements 


of an APEEL source file. 


TITLE ‘title of design’ 


" device declaration 


PEEL _device_number 


ZERO_POWER 
AUTO_SECURE 


"only applicable for PEEL22CV10Z 
"Sets security bit automatically 


" pin and node assignments 


name PIN 


pin_# 


name NODE node_# 


EQUATIONS 


name = 


ENABLE name = 


TEST_VECTORS 


(input! input2 -> 
input] input2 -> 
input] input2 -> 





Sum-of-Product expression 


Product expression 


outputl output2 ) 
output! output2 
outputl output2 





Figure 5-1. APEEL Source File Template 
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The elements of an APEEL source file are: 


TITLE — The title is optional and is used to describe the source 
file. The title will be printed as a header when printing the 
JEDEC programming file and is useful for documenting the 
design. The title statement consists of the keyword TITLE fol- 
lowed by a string enclosed by single quotes (’), where the string 
is the desired title of the design. The maximum length of the 
title is 240 characters ( 3 lines with 80 characters wide). 


DEVICE DECLARATION — The device declaration identifies 
the target PEEL device for the assembler. Use the ICT PEEL 
part number as the device identifier, eg. PEEL18CV8, or 
PEEL173, etc. 


ZERO-POWER - lf the Zero-Power option which is applicable 
only for PEEL22CV10Z is desired, you must enter the reserved 
-word ZERO_POWER after the device declaration but prior to 
pin and node assignments. 


AUTO_SECURE - This feature allows the security bit to be 
automatically set when the JEDEC file is created this reserved 
word must be specified after the device declaration but prior to 

pin and node assignments. 


PIN AND NODE ASSIGNMENTS - This section defines the 
pins and nodes of the PEEL device with identifiers used in the 
source file. User-defined names are assigned to each pin and 
the configurations of the I/O macro cells are defined. Refer to 
the APEEL Syntax section for more details. 


Note that node assignment statements are only applicable for 
devices which have Asynchronous Clear or Synchronous 
Preset (or both) product terms. 


EQUATIONS - This section contains the Boolean equations 
that describe the logic design. Refer to the APEEL syntax sec- 
tion for details on the Equations section of the source file. 


TEST VECTORS - Contains the optional user-defined test vec- 
tors. Test vectors can be used by the APEEL assembler’s logic 
simulation function to verify the functionality of the logic design. 
The vectors are also used by the PEEL Development System or 
third-party programmers to exercise the PEEL device after it 
has been programmed. 
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Listing 5-1 is the APEEL source file for the Basic Registers and 
Latches application of the PEEL18CV8. This file is called 
"V8REGS.APL" and is found on the PEEL Device Software Ap- 
plications Disk. Please study this listing carefully as it contains 
numerous information on the APEEL assembler. 
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TITLE 'APEEL FILE:18CV8 BASIC REGISTERS and LATCHES, 
DESIGNER:Robin Jigour, ICT 
DATE: 8/16/87' 


PEEL18CV8 


“"Tnputs" 


"register and latch inputs 


Orn oP WN PF 


"gated latch 

"enable for gated latch 
"synchronous reset 
"synchronous set 
"asynchronous reset 


rPrPP wo 
W NO Fr 


"Outputs and Macro Cell definitions 


Q GL pin 14 = pos com feed_or "Latch outputs 
"(internal feedback) 

Q SL pin 15 = neg com feed pin 

Q SR pin 16 = pos reg feed_reg "Register outputs" 

JK pin: 17 pos reg feed reg 

T pin 18 = pos reg feed _reg 

D pin 19 = pos reg feed_reg 





O_ 
Q_ 
QO 


"Internal Nodes" 


Ac node 21 "Asynchronous Clear node" 
SP node 22 "Synchronous Preset node" 


EQUATIONS 


SP = SSET "Synchronous Preset 
AC = ARES "Asynchronous Clear 





Listing 5-1 APEEL Source File For V8REGS.APL 
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= "TALS 


rte 


LEN & LAT # 
!LEN & Q_GL # 
LAT $-.0°Gh 


Q SL ) 





"D register 


"T register 


register 





APEEL Syntax 


register (clocked) 


"SR Latch" 


is actually ignored by the APEEL. 
is performed by the output’s NEG polarity. 


TEST VECTORS "D Register" 
SSET ARES 


( 


CLR 


QAAAAAANAADS 


D 


rPOrRrRrODO COO 0 


SRES 
0 


OO OCF FF OO 


0 


oOo OOF OF © 


1 


oo oo oCcoO FF 


TEST VECTORS "T Register™ 
SSET ARES 


( 


CLK 
0 


T 


rFoOorROOO OO 


SRES 
0 


0 


1 








10 


mnemroerweex oO 


"Gated latch" 


The inversion 


"fix hazard when Q GL=1" 


mreewmorewmery 


ee 


So8 


PROPOSES 


IOI SNA ASIAN 














APEEL Syntax 
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TEST VECTORS "JK Register” 
SSET ARES 


( CLK J 


Oo 


qanqgaqagaanaqnantanan 
rPFOoOorRrODdrRrRrR COO COCO CO GO 
Preoocjcrcqoraoco coco 


TEST VECTORS “SR Regsister 


{ CLK SRES 
¢ 0 


S 


SRES 
0 


ooo ooo 0oc.OCOrFrRF © 


R 


> 


TEST VECTORS "SR Latch" 
O5h 


¢ OS 


TEST VECTORS "Gated Latch" 


( LAT LEN 


Oo 
io) 


OO OFF OF OC OC 
OrPOOrFRrF OOF 


Listing 5-1 APEEL 


> 


VVVNVVVV VV WV 


X 


) 


0 


ooo oo ccc r OF 


Q GL 


Ge eo eee EO et et] 


(clocked)" 
Q SR 


X 


1 


ooooo 0c eo 0c00clO0O © 


) 


VVVVVV VV VV VV MV 


memrPremrrPnmeteoeg 


Source File For V8BREGS.APL 


x 
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APEEL Syntax 


This section describes the minimum elements and syntax re- 
quired to create a file which can be assembled by APEEL 
software. In the sections that follow, italics will be used to iden- 
tify fields in which the user would enter identifiers, such as pin 
names, etc. 


Basic APEEL File Structure 


The basic structure of an APEEL input file is shown below: 


Title 
Declarations: 
Device Type 
Zero_Power (if applicable) 
Auto_Secure (if applicable) 
Input Pin Assignments 
Output Pin Assignment and Macro Definitions 
Node Assignments (if applicable) 
Boolean Equations 
Test Vectors (optional) 


The examples given in this section are taken from the example 
application file V8REGS.APL (refer to chapter 6) which is found 
on PEEL Device Software Applications Disk. 


Identifiers 


Identifiers are names that identify devices, device pins, nodes, 
and input or output signals. 


The rules governing all identifiers are: 


1. Identifiers may use only alphanumeric and underscore 
characters. 


2. Spaces cannot be used in an identifier. To create identifiers 
which consist of two words, connect them with an underscore 
character. 


Example: Q_GL 
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3. Identifiers are not case sensitive. Uppercase and lowercase 
letters are treated the same. Thus, the output pin name Q_GL 
and Q_ gl will be considered to be the same identifier 


Reserved Identifiers 


Reserved identifiers are part of the APEEL language and can- 
not be used to name pins, nodes, or signals. Reserved iden- 
tifiers are shown below: 


TITLE PIN NODE ZERO_POWER 
EQUATIONS ENABLE TEST_VECTORS AUTO_SECURE 
PEEL18CV8 P1i8CV8 PEEL20CG10 P20CG10 
PEEL22CV10 P22V10 PEEL22CV10Z P22CV10 
PEEL153 F153 F82S153 PEEL253 

F253 PEEL173 F173 F82S173 
PEEL273 F273 


Basic Syntax 


In an APEEL source-code file, identifiers must be separated 
from each other by a space, a comma, or by an operator. 


Example: CLK pin 1 
QSL pin 15 = neg com feed_pin 
QD = !ISRES & D 
00001 -> X 





Comments 


The liberal use of comments will make your source file easy to 
understand. Comments explain what is not readily apparent 
from the source code itself. Comments do not affect the mean- 
ing of the code. 


Comments begin with a double quotation mark character (") 
and end with either another double quotation mark or the end 
of line character. 


Example: "INPUTS" 
"Latch outputs internal feedback" 
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Title 
The file begins with an optional declaration of the name of the 
design. The maximum length of the title is 240 characters (3 
lines with 80 characters wide). 
Format: TITLE ’ Title_of_design’ 
Example: TITLE ’PEEL 18CV8 Basic Registers and Latches 
DESIGNER: Robin Jigour 
DATE: 8/16/87’ 
Device Type 


The target device of the design is declared by simply entering 
the ICT PEEL device name: 


PEEL18CV8 P18CV8 PEEL20CG10 P20CG10 
PEEL22CV10 P22V10 PEEL22CV10Z P22CV10Z 
PEEL153 F153 F82S153 PEEL253 
F253 PEEL173 F173 F82S173 
PEEL273 F273 


Input Pin Assignments 


Here, names are assigned to the input pins. You can include the 
"l"or"/" at the beginning of the pin names to implement "Active 
Low" inputs. 

Format: Pin _Name_ PIN Pin _Number 

Example: D pin 2 


I/O Pin Assignments and Macrocell Configurations 


Format: Pin_Name PIN Pin_# = Macrocell_Configuration 
where Macrocell_Configuration is specified by the following string 


Format: Polarity Output Type Feedback Path 


ies You can include a "!" or "/" at the beginning of the pin name of 
the macrocell assignment (you do not need to specify the mac- 
rocell configuration for input definitions) to implement an "Ac- 
tive Low" input or feedback path. If it is an output, the output’s 
polarity will remain in the polarity as specified by the macrocell 
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polarity attribute. 


Example: !A = neg reg feed_reg (Macrocell Pin Definition) 
A = | (Eguation1 - Output Ais "Active Low") 
B = A (Equation 2 - Feedback Ais "Active Low") 


If you omit "!" or "/" in your pin name and specify "NEG" for your 
polarity attribute, you will get an "Active Low" output but an "Ac- 
tive High" feedback path. 


Please refer to "Boolean Equations and Logical Operators" 
(described later in this section) for more information on the ef- 
fects of feedback signals. 


The options available for specifying Polarity, Output Type, and 
Feedback Path shown in the table below: 


Attribute Identifier Definition PEEL Devices 
Polarity: POS (positive), All PEEL devices 
NEG (negative) 
Output Type: COM (combinatorial), PEEL18CV8, 
REG (registered) PEEL20CG10 
PEEL22CV10 
PEEL22CV10Z 
Feedback Path:FEED_PIN (bi-directional I/O), PEELI8CV8 


FEED_OR (feedback from the OR gate) PEEL20CG10 
FEED_REG (feedback from the flip-flop) PEEL22CV10Z 


Note that some macrocell attributes are not applicable to some 
of the PEEL devices. An assembling syntax error will occur if 
the PEEL devices use an invalid attribute. The PEEL devices 
which the attribute is applicable to are listed under the "PEEL 
Devices" column in the previous table. 


If you do not specify the macrocell configuration, APEEL will 
default the configuration to: 
* "POS COM FEED_PIN" for PEEL18CV8, PEEL20CG10, and 
PEEL22CV102Z. 
* "POS COM" for PEEL22CV10 
¢ "POS" for PEEL153, PEEL253, PEEL173, and PEEL273. 
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REGISTERED OUTPUT COMBINATORIAL OUTPUT 


BI—DIRECTIONAL 1/0 


x 
O 
< 
jen] 
Q 
iB 
al 
= 
S 
ke 
< 
= 
fea] 
= 
Oo 
O 


REGISTER FEEDBACK 


Configuration # PEEL18CV8, PEEL20CG10 
PEEL22CV10Z 
AY aese nga: Sa cee & O NEG REG FEED_PIN 
a a en eo POS REG FEED_PIN 
Br ce Gap Mee ee NEG COM FEED_PIN 
Qe ein bee bth Be POS COM FEED_PIN 
Be: ee at wily Geek, eae NEG REG FEED_OR 
Or chee en encase: Hho POS REG FEED_OR 
(rr ns NEG COM FEED_OR 
Be deeds des Atascosa eoee POS COM FEED_OR 
Oh due ee ee Be NEG REG FEED_REG 
VO ai Arig ered eh gn carts Oe oe POS REG FEED_REG 
i ee ee ee ee NEG COM FEED_REG 
ae ee eee a POS COM FEED_REG 


N/A = Not Applicable. 





PEEL22CV10 


N/A 


Figure 5-2. APEEL Macrocell Configuration Definitions 
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PEEL153, PEEL253 
PEEL173, PEEL273 
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Node Assignments 


Some PEEL devices have product terms assigned to control the 
Asynchronous Clear and Synchronous Preset of the 
registers. To allow control of these special functions, nodes are 
assigned to these product terms. 


Format: Node_Name NODE Node_Number 


The table below shows the node number assignments for the 
PEEL devices. 


PEEL Devices Node Number 

Asynchronous Clear Synchronous Preset 
PEEL18CV8 21 22 
PEEL20CG10 25 26 
PEEL22CV10 25 26 
PEEL22CV10Z 25 26 


Boolean Equations and Logic Operators 


Equation Format 


The logic function to be implemented at each output pin is ex- 
pressed as a Boolean equation in the sum-of-products form. 
The equations must be preceded by the statement EQUA- 
TIONS 


Format: Pin_Name = Sum-Of-Products_Expression 
Example: Q_ SL = |(R # !S & !Q SL) 


The above equation has a "!" just prior to the parenthesis. This 
"I" character is actually ignored by APEEL (otherwise, the ex- 
pression of the right side of the "=" symbol is not in a sum-of- 
products form). The inversion of the expression is actually done 
by setting the output "Q_ SL" to NEG polarity (in the macrocell 
configuration). The reason for inserting the "!" is to make the 
equation appears logical without refering back to the macrocell 
configuration assignment statements. 


If the "!" or "/" is inserted to the beginning of the output pin 
name (on the left side of the "=" symbol of the equation), it will 
also be ignored by APEEL. This means that the polarity of 
the output is solely controlled by setting the macrocell 
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polarity attribute (NEG or POS). However, you can include the 
"I" or "/" on your output pin names (only in the boolean equa- 
tions) to match the pin names in your design. 


IS Note, the "=" operator may be used for specifying both com- 
binatorial and registered functions, as the type of output is ex- 
plicitly defined in the macrocell definition. However, the ":=" 
operator commonly used by other logic assemblers and com- 
pilers to specify registered functions may also be used in 
APEEL. 


Logic Operators 
The APEEL assembler allows the use of logic operators that are 


compatible with either ABEL or PALASM. The designer may 
choose whichever format is more familiar. 


(ABEL) (PALASM) Logic Description 
& i AND 
# + OR 
| / NOT 
Output Feedback 
Below is an example of an APEEL boolean equation with feed- 
back. 
Example: QSL = (R # 'S & !|Q SL) 
Output Q_SL FeedBack Q_ SL Feedback Logical Level 
Previous State Next State Level Q-SL 1Q-SL 
x L X X X 
L H L 0 1 
H H H 1 0 


The macrocell definition for the output Q_SL was: 
Q_SL pin 15 = neg com feed_pin 


Because the "!" or "/" has been omitted in the pin name of the 
macrocell definition statement, the feedback signal Q_SL has 
the same voltage level but not the same logical level as the pre- 
vious output level, regardless of the output’s polarity or feed- 
back type. In this case, the output is "Active Low" but the 
feedback is "Active High". 
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If the "!" or "/" was included in the pin name, then both output 
and feedback has the same logical level (i.e. "Active Low"). 
Please refer to the "I/O Pin Assignments and Macrocell Con- 
figurations” section described earlier. 


In conclusion, the feedback signal assumes an "Active Low" 
or "Active High" polarity depending on whether a "!" or "/" 
was included in the pin name of the macrocell definition 
statement. This definition is consistent with the input pin defini- 
tion. 


Output Enable Operator 


To control the programmable output enable function, the follow- 
ing format is used: 


Format: Enable //O_Pin_Name = Product_Expression 
Enable /O_Pin_Name = 1 (output enabled unconditionally) 
Example: Enable HZ_BUF = OE 


The output will be enabled when Product Expression is TRUE. 
This example can be found in the file VGGATES.APL. 


If you do not specify the "Enable" statement, the output is 
enabled automatically. All unused outputs are disabled 
automatically. 


Test Vectors 


Test vectors are defined in the input file for logic simulation and 
function testing. The vectors are automatically converted to the 
JEDEC format and incorporated in the JEDEC programming 
file. Test vectors must be preceded by the statement 
TEST_VECTORS. The identifiers and format for defining test 
vectors in APEEL are described below. 


Input transitions: 


Symbol Function 

Cc Clock (LOW-HIGH-LOW) 
1 Input HIGH 

0 Input LOW 

X Don’t Care 
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Output transitions: 


Symbol Function 

H Output expect HIGH 
L Output expect LOW 
Z Output expect High-Z 
xX Don’t examine output 


A set of test vectors may include a subset of the total number 
of input and output pins, and multiple vector sets may be in- 
cluded in one file. When multiple functions are implemented in 
a single device, it is often convenient to group vectors for each 
function separately (see the application examples for an il- 
lustration). Note that each set of vectors must be preceded by 
the TEST VECTORS statement. 


Format 


The labels of the pins being described are separated by spaces 
or commas and are enclosed by parenthesis as shown: 


( Input_Pins -> Output_Pins ) 


Below the pin label, list the desired input and expected output 
transitions. Separate the input transitions with spaces or com- 
mas and do likewise with the output transitions, but do not add 
parenthesis. If feedbacks are used, the associated outputs 
must be declared as output pins (not input pins). 


Example: (S R -> QSL) 


pap lf you have specified the output pin name with a "!" or "/" on the 
macrocell definition statement to implement an "Active Low" 
feedback path, you must include the "!" or "/" in the output pin 
name on test vector pin label statement. Please refer to the "I/O 
Pin Assignments and Macrocell Configurations” and "Boolean 
Equations and Logic Operators" (under Output Feedback) sec- 
tions for additional information. 


Example: !A pin 19 = neg reg feed_reg (Macrocell Pin Definition) 


(| X Y Z -> IA B) (Test_Vector pin name label) 
0101+ HL (Test_Vector data) 
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Creating New APEEL Source Files 


APEEL template files for each PEEL device are included on the 
APEEL Applications Diskette. These files provide the structure 
for writing anew APEEL design. To use the template files, simp- 


ly: 


> Select the specific template file for the PEEL device you wish 
to design with. 

> Build the source file around the template, following the syn- 
tax rules presented in this section, by adding the specific pin 
names, macro definitions, equations, test vectors, and com- 
ments needed for your design. 

» Save the newly edited file with a new file name (using the 
Save As command) in order to preserve the template file. 


APEEL Template Files Included on the Applications Diskette 





PEEL Device APEEL Template File 
PEEL18CV8 ANEWV8.APL 
PEEL173 ANEW173.APL 

PEEL 273 ANEW273.APL 
PEEL153 ANEW153.APL 
PEEL 253 ANEW253.APL 

PEEL 20CG10 ANEWG10.APL 
PEEL 22CV10 ANEWV10.APL 

PEEL 22CV10Z ANEWV10Z.APL 
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6.0 Application Primer and Examples 


A number of application examples for PEEL devices have been 
provided in the form of APEEL input files which can be found on 
the Applications diskette (disk# 2). These files show some of 
the possible applications for PEEL devices and provide an ex- 
ample of the format used to create APEEL input files. These ex- 
amples and the APEEL applications primer in section 6.1 can 
be used to familiarize yourself with the capabilities of the 
APEEL software and designing with PEEL device architectures. 


Application Directory 


APEEL source files for the PEEL applications listed below may 
be found on the PEEL Device Applications Diskette. 


6.1 APEEL Applications Primer 


PEEL18CV8 Applications File Name 
6.2 Basic Logic Gates .......... 0... cee eee eee V8GATES.APL 
6.3 Basic Registers and Latches .................. V8REGS.APL 
6.4 Clock Divider and Address Decod........... V8CLKADD.APL 
6.5 Bus Programmable 8 to 1 Multiple .......... V8BUSMUX.APL 
6.6 Expandable 8-bit (or Dual 4-bit) Comparator ....V8COMP.APL 
6.7 8-bit Counter with Function Controls .......... V8FCNTR.APL 
6.8 4-bit Change-of-State Port with Interrupt....... V8CPORT.APL 


PEEL 22CV10 and 22CV10Z Applications File Name. 


6.9 8-bit Loadable Up/Down Counter............. V10CNT8.APL 
6.10 8-bit Change-of-State Port with Interrupt ....V10ZPORT.APL 
PEEL173 Applications File Name 
6.11 16 to 4 Priority Encoder ...................... PRI173.APL 
PEEL273 Applications File Name 
6.12 8-bit Greater/Less-Than Mag. Comparator ...... MAG23.APL 
6.13 10-Bit Expandable Equality Comparator ....... EQU273.APL 
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6.1 APEEL Application Primer 


If programmable logic devices are new to you, this section will 
give you a brief overview of the how design concepts can be 
described by APEEL design files which are then assembled into 
JEDEC programming files. 


Q Your Design Concepts 
(1 The Basics of an APEEL file 
() PEEL Device Architectures 


Q The JEDEC File 


Your Design Concepts 


In digital circuits, there are various ways to describe a logic 
design but probably the most familiar method is by schematic 
(or gate) form. However, like most logic assemblers APEEL re- 
quires logic to be described in equation form. Before convert- 
ing your design conceptualized in schematic form into APEEL 
equations, you must first choose the right PEEL device for your 
specific application. Some of the basic issues when selecting a 
PEEL device for your design are: 


- The speed (tpp, combinatorial propagation delay from 
input to output), power and cost considerations 


- The number of input and I/O pins required 


- The complexity of your design in terms of the number of 
product and sum-of-product functions to be implemented 


- The use of output registers (flip-flops) 


Most of the above issues can be better understood after read- 
ing through the following section on the PEEL device architec- 
tures, reviewing the PEEL device data sheets, and 
experiencing a few APEEL designs. Figure 6.1a gives you a 
brief summary of the features of all the devices in the PEEL 
family, but please note that you should refer to the product data 
sheets for the latest specifications. 
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PEEL18CV8 PEEL20CG10 PEEL153 PEEL173 
PEEL22CV10 PEEL253 PEEL273 
PEEL22CV10Z 


PEEL18CV8 8 8 AND 74 20 + 0.7/MHz 
PEEL18CV8-15 8 AND 74 80 + 0.5/MHz 
PEEL20CG10 AND 92 55 + 0.5/MHz 
PEEL22CV10Z AND 132 55 + 0.5/MHzt 
PEEL253 0 AND/OR 42/20 35 + 1.0/MHz 
PEEL273 0 AND/OR 42/20 35 + 1.0/MHz 





PEEL22CV10 AND 132 55 + 0.5/MHz 
PEEL153 0 AND/OR 42/10 35 + 1.0/MHz 
PEEL173 0 AND/OR = 42/10 35 + 1.0/MHz 





t User-programmable "zero-power" standby mode: Icc = approx.200yA 


Figure 6.1a Pin Configurations and Features Summary of PEEL Devices 
*Please refer to latest PEEL Device data sheets for more detailed and updated AC and DC 
specifications. Higher speed versions of all devices are scheduled for late 1989-1990. 
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The Basics of an APEEL file 


Once a PEEL device is selected, the process of transferring 
your conceptualized design into APEEL design file is seg- 
mented into three main steps. 


- Input and I/O pin assignments 
- Macro cell configuration declarations 
- Logic equations 


Figure 6.1b illustrates a simple exclusive NOR design in 
schematic form converted to an APEEL design file for the 
PEEL18CV8 device. First, the input signal names "l1" and "12" 
are assigned to input pins 1 and 2 respectively. Next, the out- 
put signal "OUT" is assigned to an I/O pin which macro cell is 
configured as: positive polarity output (POS); combinatorial 
output (COM); and feedback from the pin (FEED_PIN). In this 
case, the feedback is actually not being used but it should be 
specified anyway. Finally, the equivalent equation for the logic 
function is expressed. Note that the "!" equals the NOT func- 
tion, "&" equals the AND function, and "#" equals the OR func- 
tion. 


Exclusive NOR APEEL Design File 
"Input Pins 


11 pin 1 
ta map = |2 pin 2 
"1/O Pins with Macrocell Definition 


Out pin 19 = POS COM FEED_PIN 


EQUATIONS 
Out = !11 & HW2#11 & 12 


Figure 6.1b PEEL18CV8 exclusive NOR Design 


Three other similar examples are shown in figures 6.1c (2-to-4 
Bit Decoder), 6.1d (4-Bit Shifter), and 6.1e (2-Bit Counter). For 
a more detailed description of the APEEL language, please 
refer to section 5.0 and the APEEL application examples found 
later in this chapter 
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2-to-4 Decoder APEEL Design File 
"Input Pins 
A pin 1 
B 
/JENABLE 1 5 nie 
A ‘1 lIENABLE pin 3 
B > : eee, 
Y2 "I/O Pins with Macrocell Definition 
YO pin 19 = POS COM FEED_PIN 
a Y1 pin 18 = POS COM FEED PIN 


Y2 pin 17 = POS COM FEED_PIN 
Y3 pin 16 = POS COM FEED_PIN 


EQUATIONS 
YO = ENABLE & !B 


& | 

Y1= ENABLE & !B & 
& 
& 


A 

A 
Y2 = ENABLE & B&!A 
Y3 = ENABLE & B& A 
Figure 6.1f PEEL18CV8 2-to-4 Bit Decoder Design 


4-Bit Shifter APEEL Design File 


"Input Pins 
CLK pin 1 
A pin 2 
R pin 3 


"I/O Pins with Macrocell Definition 
Q1 pin 19 = POS REG FEED_REG 
Q2 pin 18 = POS REG FEED_REG 
Q3 pin 17 = POS REG FEED_REG 
Q4 pin 16 = POS REG FEED_REG 





"Node Assignment 
AC node 21 "Asynchronous CLear 





EQUATIONS 
AC=R 


Qi= D 
Q2 =Q1 
Q3 = Q2 
Q4 = Q3 


Figure 6.1g PEEL18CV8 4-Bit Shifter Design 


In Figure 6.1g, an additional declaration is needed for the inter- 
nal node to control the asynchronous clear capability of the 
PEEL18CV8. Please refer to section 5.0 and the PEEL applica- 
tion examples for a more detail discussion on this feature. 


6-5 





6.0 Application Primer and Examples 6.1 APEEL Application Primer 


2-Bit Counter APEEL Design File 


"Input Pins 
CLK pin 1 
SRES pin 2 


"1/0 Pins with Macrocell Definition 
m= 00 pin 19 = POS REG FEED REG 
Q1 pin 18 = POS REG FEED_REG 





EQUATIONS 

QO = ISRES & !Q0 

Q1 = ISRES & !Q1 & QO # 
ISRES & Qi & !QO 


Figure 6.1h PEEL18CV8 2-Bit Counter Design 
PEEL Device Architectures 


The following section describes PEEL Device Architectures. Al- 
though helpful, a detailed understanding of PEEL Device ar- 
chitecture is not always necessary to sucessfully design with 
PEEL Devices. Many PEEL logic designers, armed with a mini- 
mum knowledge of macrocell configurations, pin functions and 
number of product terms are able to create effective PEEL 
designs for their specific applications. 


The Logic Array 


Probably the most basic thing about programmable logic 
devices is the logic array diagram of the device. The two types 
of logic structures in the PEEL Device family are the program- 
mable-AND/fixed-OR and programmable-AND/programmable- 
OR structures. The PEEL18CV8 logic array which utilizes the 
programmable-AND/fixed-OR structure is shown on Figure 
6.11. Other PEEL devices with this logic structure include 
PEEL22CV10, PEEL20CG10, PEEL22CV10Z (see Appendix 
D). As shown in the diagram, the 36 (0-35) input lines which run 
vertically are derived from true and complement of the 18 pos- 
sible input pins. The product terms, drawn as horizontal lines, 
serve as AND functions (denoted by the AND gate symbol at the 
end of each product term) with a maximum of 36 inputs foreach | 
product term. The 74 product terms are made up of: one 
synchronous preset term; one asynchronous clear term; eight 
output enable terms; and 64 terms divided into groups of eight, 
with each group feeding into an OR function. The area where 
the input lines and the product terms intersect is known as the 
AND array. At each intersection of the input line and product 
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Input Lines (0-35) 


es 
uw 4 
“oo 
om 
zo 
w 2 
38 
2 
2 5 
& < 
ee 
2 
a 


13 5 7 9 1113 15 17 19 21 23 25 27 29 3133.35 
im a 
‘= a 
- a 
] a 
R a 
I] | 
a a 
i i 

BR 
a 
a 
a 
a 
a 
a 
i 
a 


INPUT/CLK 


INPUT 


INPUT 


INPUT 





INPUT 


(€2—-Q) Sua, JINPoIg 


as 


INPUT [6 > 





INPUT 


CELL 


14 O v4 
| oY buSusRs | 
ITI 14 


INPUT [ 8 > 


12> 1/0 


i 


MACRO 
CELL 


INPUT [ 9 » 


INPUT 


ASYNCHRONOUS CLEAR 
(TO ALL MACRO CELLS) 


ner 


PEEL18CV8 Logic Array Diagram 
(Programmable-AND/Fixed-OR) 


Figure 6.1i 
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INPUT PIN LABELS 


COLUMN NUMBERS (0-41) 


PIN NUMBERS 


‘a NUMBERS ¢0-63) 


4139 37 35 33 31 25 27 2@ 2 ai 19 17 15 123 i 9 7 5 3 1 


40 | 36 | 36 | 34 | 32 | 30 | 28 | 26 | 24] 22 | 20 | 18 | 16 | 14 | 12 | 10] B 6 4 2 0 


——a—ge O - VSM YT NDA OD 
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a Cee) SSE) ER) RT EE eT 
EE AE A EE 
een A Ge ee ee 
a es (Re ee 
_ 
a A BE 
z= 
t\ t\ r\ f\ t\ t\ t\ r\ t\ t\ 
ro) 
Yi O} O| OF OO! BO} G1 O} a 
VJ / 
? a NOOOOOOOOOOKOOOOOOOO 
Oo} el om] inf wo) n] ww S} =] wl oe) Ol aid a a Sl wig SS 
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pie Pees het os ee ea ee he oe ee re a Poe pee ee ee ae aed 
ee PE eae Se Se See ee OE ae a ee ee ot ede cd ef 
hanna nee hn eae eee AAR Re SAP Pee eee 
De Pe se ee Ts ee ee ee ee ees ae] 
Se ete es ee a ee Se ee a pal 
esheets Lc ele aleee Ld hee ea the cies sah cele pp aoe De Meee fA ee Se Nie eo Pod eg |e eke | 
eet eee a aE oes Beads pepe (eee b ist ep epee a eh ee eae oe eee Weal tec! 
ene wna nae ae eee eee eee ee eo a ee eee ee 
Fe Shee Abe ale Me Na le se De ee deca ead ee a he Pe ee Bee ie Pree ete 2s |e Pe sie Loose | 


E E fF E E E E FF Fi Ei gi 5 


Pe CoC CACC CRGIEEIRENE! 


Oo --4 
_ 


HR 





PIN NUMBERS 


INPUT/OUTPUT PIN LABELS 


PEEL273 Logic Array Diagram 


Figure 6.1j 


(Programmable-AND/Programmable-OR) 
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term is an EEPROM cell which determines whether the inter- 
section is connected or open. Aconnection allows an input line 
to become a logical input of the intersected product term (AND 
gate). Hence, logic functions are performed by merely connect- 
ing the input lines to the product terms. By connecting specific 
inputs or I/O macrocell feedbacks to the product terms, com- 
plex sum-of-product logic functions can be created. In the 
PEEL18CV8 device, each sum feeds into its associated 1I/O 
macrocell where the logic function can be further controlled for 
output to an I/O pin and/or feedback into the array. To graphi- 
cally illustrate the logic functions in the logic array diagram, X’s 
are used to mark the intersection in which the input lines are 
connected to the product terms (refer to the V8GATES design 
in section 6.2). 


The other logic array structure inthe PEEL devices (PEEL153, 
PEEL253, PEEL173, and PEEL273) is the programmable- 
AND/programmable-OR structure (see Figure 6.1j and Appen- 
dix D). This logic structure is ideal for combinatorial 
applications such comparitors, priority encoders, etc. which 
utilize many product terms. Unlike the PEEL18CV8’s fixed OR 
array, the programmable OR array allows user-specified 
product terms to be connected to the sum terms (drawn as 
horizontal lines) which are propagated to the I/O pin, output 
enable buffer, or back to the AND array as feedbacks. This 
sharing of product terms minimizes product term redundancy 
and avoids wasting unused terms of fixed-OR arrays. 


A Closer Look at the Logic Array 





Figure 6-1k illustrates how a logic function (specifically the 
two-input exclusive NOR design described earlier) is imple- 
mented in the PEEL18CV8 array. Note that if all true and com- 
plement inputs of a product term are left open, the output of the 
AND gate will be a logical true (HIGH). If both true and comple- 
ment of one or more inputs are connected to a product term, the 
output of the AND gate is forced to a logical false (LOW). Fre- 
quently, you will find that the unused product terms are con- 
nected to both true and complement of all the possible inputs 
in the device, creating product terms with JEDEC 0’s. Most 
logic assembler or compiler (including APEEL) omit these un- 
used product terms when outputing the JEDEC file. Basically, 
any product terms not specified in the JEDEC file are assumed 
to be unused. 
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X = Input connected 
Product term with to product term 
all inputs open, 
forces logical true (1) 
to enable output 













Input 1 


Unused product term with 
both true and complement 
of one or more inputs 

rare forces logical 


false ( C— > EXNOR 


Input 2 


Feedback to 
AND Array 





Figure 6.1k Logic function implementation in PEEL18CV8 array 
The Macro Cell 


In the PEEL18CV8 device, there is a macro cell associated 
with each I/O pin. This macro cell allows you to configure the 
architecture of each output independently into one of twelve 
possible configurations. This flexiblity makes it possible to cus- 
tomize the architecture to your design requirements. PEEL 
devices with similar macro cell capabilities include 
PEEL20CG10, PEEL22CV10, and PEEL22CV10Z. Macro cells 
in PEEL devices such as PEEL153, PEEL253, PEEL173 and 
PEEL273 provide for output polarity control only. Please refer 
to 5-12 of this handbook for more information describing the 
different PEEL macro cell configurations. 


As shown in figure 6.1i, the PEEL18CV8 I/O macro cell consists 
of a D-type flip-flop and two signal-select multiplexers. The 
configuration of each macrocell is determined by the four 
EEPROM bits (A,B,C,D) controlling these multiplexers. These 
bits determine: output polarity; output type (registered or non- 
registered); and input/feedback path (bi-directional !/O, com- 
binatorial feedback, or register feedback). Figure 6.1) shows 
the equivalent circuits of the PEEL18CV8 twelve macro cell 
configurations. 


Output Type 


The signal from the OR array can be fed directly to the output 
pin (combinatorial function) or latched in the D-type flip-flop 
(registered function). The D-type flip-flop latches data on the 
rising edge of the clock and is controlled by the global preset 
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Figure 6.11 PEEL18CV8 Macro Cell 


and clear terms. When the synchronous preset term is satis- 
fied, the Q output of the register will be set HIGH at the next 
rising edge of the clock input. Satisfying the asynchronous 
clear term will set Q LOW, regardless of the clock state. If both 
terms are satisfied simultaneously, the clear will override the 
preset. 


Output Polarity 


Each macrocell can be configured to implement active-high or 
active-low logic. Programmable polarity eliminates the need for 
external inverters. 


Output Enable 


The output of each I/O macrocell can be enabled or disabled 
under the control of its associated programmable output enable 
product term. When the logical conditions programmed on the 
output enable term are satisfied, the output signal is 
propagated to the I/O pin. Otherwise, the output buffer is driven 
into the high-impedance state. Under the control of the output 
enable term, the I/O pin can function as a dedicated input, out- 
put, or a bi-directional I/O. 





Input/Feedback Select 


The I/O macrocell also provides control over the feedback path. 
The input/feedback signal associated with each I/O macrocell 
may be obtained from three different locations: from the I/O pin 
(bi-directional I/O); directly from the Q output of the flip-flop 
(registered feedback); or directly from the OR gate (com- 
binatorial feedback). 


6-11 


6.0 Application Primer and Examples 6.1 APEEL Application Primer 









REGISTERED OUTPUT 








1/0 


Ifo 







BI—DIRECTIONAL 1/0 


COMBINATORIAL OUTPUT 
3 
4 
7 





COMBINATORIAL FEEDBACK 


REGISTER FEEDBACK 


HOIH SALLOV | MOT SAILOV | HOIH SALLOV | MOT SAILOV | HOIH SALLOV MO7 SALLOV 


Figure 6.1) PEEL18CV8 macro cell configurations 


Bi-directional I/O 


The input/feedback signal is taken from the I/O pin when using 
the pin as a dedicated input or as a bi-directional I/O. (Note that 
itis possible to create a registered output function with bi-direc- 
tional I/O.) 


Combinatorial Feedback 


The signal-select multiplexer gives the macrocell the ability to 
feedback the output directly from the OR gate, regardless of 
whether the output function is registered or combinatorial. This 
feature allows the creation of asynchronous latches, even when 
the output must be disabled. 
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Registered Feedback 


Feedback also can be taken from the register, regardless of 
whether the output function is registered or combinatorial. 
When implementing a combinatorial output and registered 
feedback configuration (configurations number 11 and 12 in 
figure 6.1j), the register can be used for internal latching of data 
while leaving the external output free for combinatorial func- 
tions. 


The JEDEC File 


As mentioned earlier, the APEEL assembler outputs a JEDEC 
file which can be uploaded into a programmer to program the 
PEEL device. Referencing to the logic array diagram with the 
V8GATES application example on section 6.2, the X’s which 
mark the connected inputs to the product term are represented 
by 0’s in the JEDEC file. 


After the PEEL device is erased (electrically), all EEPROM 
cells are set to a JEDEC "1" which open all logical connections. 
The device is then configured to perform the user-defined func- 
tion by programming selected connections (JEDEC "0") in the 
AND array. Please refer to the JEDEC pattern of the 
V8GATES.APL design. Note that only used product terms are 


specified. 
The JEDEC file is the output of the APEEL assembler (and all 6 


other PLD logic compilers). This JEDEC file which is a stand- 
ard data transfer format for programmable logic devices be- 
tween the development systems and programmer defines that 
the data "1" and "0" represent an open and short connection. 
For more information on the JEDEC standard, you can contact: 


Electronic Industries Association 
Engineering Department 

2001 Eye Street N.W. 
Washington, D.C. 20006. 
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6.2 Basic Gates 


DEVICE: PEEL18CV8 
FILE NAME: V8GATES.APL 


This PEEL18CV8 application example implements several 
basic logic gates. The logic gates include an inverter, four-input 
AND, OR, NAND, and NOR gates, a four-input AND-OR- IN- 
VERT gate, a two- input XOR gate and a high-impedance buff- 
er. Each gate uses one or more of the (A,B,C and D) inputs. 
Additionally, the high-impedance buffer uses the /HZ input for 
impedance control. The truth table for these gates can be ex- 
amined in the test vectors. Note, the remaining unused input 
pins can be used as additional inputs into the gates. 


NOT 

—f— AND 
pouch 

Pas NAND 
wtf 

—— OR 
He . 


HZ_BUF 





/OE 
Figure 6.2b — Block diagram for V8GATES.APL 


% 
—, 
tf 
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TITLE ’APEEL FILE: PEELI8CV8 BASIC GATES 
DESIGNER: Robin Jigour 
DATE: 8/16/87' 


PEELI8CV8 


 LOpVts™ 


"A,B,C, and D are gate inputs. 


"The '!'’ is only used to indicate an 
"active low output 

"enable for HZ BUF. This character 
"is NOT part of the pin name. 


"Outputs and Macro Cell definitions 


HZ BUF 12 = pos com feed pin "High Impedence Buffer. 
XOR L3 pos com feed pin "Exclusive OR. 


AOI 14 neg com feed pin "AND-OR-Invert. 
NOR 5 neg com feed pin 

OR 16 pos com feed pin 

NAND 17 neg com feed pin 

AND 18 pos com feed pin 

NOT 19 = pos com feed pin "Inverter. 





EQUATIONS 
NOT "Note macro cell polarity for each output. 


AND D 


D) "Here, the ’!'’ (which is actually ignored 
"by APEEL) is to make the equation 
"appears logically correct. This output’s 
"macro cell which is set to NEG polarity is 
"actually doing the inversion. 
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(A # B # C # D) "Again, the '!’ is ignored by APEEL. 


AOI (A & B # C & D) "Same as above. 


XOR 


HZ BUF 
Enable 


TEST VECTORS 
( D C B 


PRPrPrPE RPE OOOOCOCOCO oO 
PRrRPFEPrPODDOOrFPPFPFFHFOOCTCO 
PRPOOrFPPRPOOrFRrFOOrFRHF OO 


rPOoOrcdrordrororoor-ro p 


O 


SKS KM MMM KK MK OOF Pr EI 


"OE controls output enable. 
"Outputs without the ’ENABLE’ statements are 
"enabled unconditionally. 


e) 
mw 
© 
Hi 


-> NOT AND 
EL L 


wd 


XOR HZ BUF ) 


xx MK KKK KK KK oe 

He ee ee ee Pate Ete ee bt te 

ee ns See ee ee es ee es ee es es See eee Deane See 
cCreetet eter tee ee ce Oo 
Dee i i ee i br et? et ee 
EY Ee et SR a es a: 
xx MMM KKK KKK XM oo 
xxx KKK KKK KX KN NE | 
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Input Lines (0-35) 


SYNCHRONOUS PRESET 
(TO ALL MACRO CELLS) 




















IZ) AZ. BUF 


x MACRO i“ 
eae CELL 
is 7] MACRO Pe 
CELL 
cab Alc ese feels 









a a gy 8 ee OB wee ZO 
Bs SeueNens | Busad 
4 —eeE—— eee ptt tT OR i 
oes an Se Se ee 2 eee 
a ‘eae a Deere Be 0 a De 
et a SN OD OSE OG OS OO 0 ee ee ee eee eee 
A 5 ee ee ra ner 
aS TT ere Poe Pero ELE eo 
ED OS Ch 
i aa Ss ee eS an OS J 2 RNS (5 a OS RT 
No To Tir i tity Tt = ee BH Ed EE ee OE He A 
0 ST tr a -REREEA Soe NN OO OO 
as a 2 Sa ww es RR OO 
Fig ee SES Os OS OS 2 OH er ee eG Si aD Hh SSR Ce eee 
a A a =z Co a se a SB a ee ee 
— 8 er ry 5 0 CT RSS 7 ee ee 
So hE eel 4 } | } ty Sans ee ee eee 
oN Te a 0 2a wee i es 1 SS GE Lt 
a A sO mn COC 2 oe a aS 
AS iy nae Bi A eS =n Petsisbie ep ee a cae eee ee 
-~o_l [FIT TTTTTT TT | | Yt | tl Ie 2 ees 5M Sea Ei ee Ee 
77, ees GS Ol tO OS OS SS aa Ze 2 eee 2k Ret ee ee 
- <2 me Pa BV 0S OR Oi a RT 
Say ee Bi i RSS Oe Os a FI A OS 
ae SE El SS SS A 
-c_]f TT a ES el ae Wek DT OAS al a Da 
Sar A a EO oe a De eee ae I 
Soe EE RS 2 a SSS A OOO sR NR 
pee eee — a SRA oO SE A Y 
Ain EE DE ee Sm SRE fe 2 3 PRD 
El SSSI EF EG GA ee Lee sO Oo 
© —— TT 2 Os aS Cal Ge Rael Gna! a 
as SRE it Ml A EROS Se 2 A! A 1 CORR Ee 0 A A A TO Ci 2 OS SR 5S ER GOI 
bo ee | lg ee 
a STP LPP LOTT Re SBE REP EET 80 mH 
} | } eT , | | } | 
Lp Ae Rf RoE e a ye ae TS is 
-™mwr = 2 aan x OG Sao 8 noaoE 
onal eue a: ee a e008 eo 
3 
_ IN LO} ™ 
vu 
a 
$ 
< aa) © | = Lid 
: = 


(¢Z£-0) SWJa} JONPOId 


unused product terms are only connected to the true and comple- 


** To simplify the diagram, 


ment of input pin 1. 


Figure 6.2c - PEEL18CV8 Logic Diagram with Fuse Map for V8GATES.APL 
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V8GATES JEDEC File 


<STX>ICT APEEL(tm) V3.30. Tue 3-21-1989 18:17:11 
APEEL FILE: PEELI8CV8 BASIC GATES 
DESIGNER: Robin Jigour 

DATE: 8/16/87 

*DF PEEL 

*DD 18CV8 

*DM ICT 

*QP20 

*QF2696 *FO * 

N Output Pin 19 

LOO0O0O0 1011 1111 


N Output Pin 18 
LO288 0111 0111 


N Output Pin 17 
LO576 0111 0111 


N Output Pin 16 
LO864 0111 1111 
LO900 1111 0111 
HO936- 211% ill 
LO972 1111 1111 


N Output Pin 15 
bLLS2 OLE Tid 
LLI88 1221) Ob) 
L1224 1111 1111 
L1260 1111 1111 


N Output Pin 14 
G1440--0111 O17) 
L1476 1111 1111 


N Output Pin 13 
Liv28: 0i11.1011 
L1764 1011 0111 


N Output Pin 12 
L2016 0111 1111 
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N Output Enable 


L2304 
L2340 
L2376 
L2412 
L2448 
L2484 
L2520 
L206 


N Sync Preset, 


L2392 
L2628 
L2664 


VoOo0ol]1 
V0002 
V0003 
V0004 
VOO005 
V0O006 
V0O007 
V0008 
VO0009 
V0010 
VOoO1l1 
V0012 
V0013 
V0014 
VOO1S 
V0016 


Cé6c4l 


Liat 
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LiL 
aes i 
fiat 
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Aelia 
AWA Mes 


iE Me a 
5a a a 
Ls Fi 
aes Pee 
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Litt 
1111 
es 


Pid 
st a 
1111 
a Eas Bl 
Tit 
aA Meta 
Lad 
at Bt Bl 


1111 
Lid 
LAA 
ed 
ss 
si et 
LE 
ct 
Async Clear 
0000 0000 0000 
0000 0000 0000 
O02) 0011 2OLT 


OOO0OOXXXXONXLLHHLHLHN 
LOOOXXXXONXHHHLHHLLN 
O100XXXX1NXZHHLHHLHN 
LIOOXXXX1INXZLLLHHLLN 
OOLOXXXXXNXXXHLHHLXN 
LOLOXXXXXNXXXHLHHLXN 
O11O0XXXXXNXXXHLHHLXN 
LL 1OXXXXXNXXXLLHHLXN 
OOOLXXXXXNXXXHLHHLXN 
LOOLXXXXXNXXXHLHHLXN 
O101XXXXXNXXXHLHHLXN 
L1O1XXXXXNXXXLLHHLXN 
OOLILXXXXXNXXXLLHHLXN 
LOLI XXXXXNXXXLLHHLXN 
O111XXXXXNXXXLLHHLXN 
1111XXXXXNXXXLLHLHXN 
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<ETX>0000 
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ea 


, Macrocell 19,18,... 
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6.3 Basic Registers and Latches 


DEVICE: PEEL18CV8 
FILE NAME: V8REGS.APL 


This application examples demonstrates the implementation of 
several basic registers and latches within a PEEL18CV8. Four 
register types are included, D, T, JK, and SR, all of which are 
clocked by the CLK input. All registers can be synchronously 
reset, set,and asynchronously reset using the SRES, SSET and 
ARES inputs respectively. Besides the registers, an SR latch 
and a Gated Latch circuit show how independent asynchronous 
storage elements can be implemented. Only the Q outputs of 
these registers and latches are provided at the output pins. The 
/Q outputs could easily be accessed by inverting the macro cell 
output polarity. Truth table operation can be referenced via the 
test vectors. 


CLK 







SRES 

(synch. reset) 
= fo a | 

(synch. set) 
ARES 






a a 


(asynch. reset 
‘ Q_D 


(D register) 
Q_T 
(T register) 


Q_JK 
(JK register) 


i 
© 





T 


ee 
a 
i 
© 














oO 






wall 
= 
= 


Q_SR 
(SR_ register) 





ON A Rn aw 





Q_SL 


_- 
)_D (SR latch) 
LAT 
(latch in) Q GL 
LEN (Gated latch) 
(latch enable) 


Figure 6.3b — Block diagram for V8REGS.APL 


Figure 6. 3a — Pinout for 
V8REGS.APL 
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TITLE 'APEEL FILE:18CV8 BASIC REGISTERS and LATCHES, 
DESIGNER:Robin Jigour, ICT 
DATE: 8/16/87' 


PEELI8CV8 


"Inputs" 


"register and latch inputs 


Onn OS WN FE 


"gated latch 

“enable for gated latch 
“synchronous reset 
"synchronous set 
"asynchronous reset 


"Outputs and Macro Cell definitions 


Q GL pin 14 = pos com feed_or "Latch outputs 
"(internal feedback) 
pin 15 = neg com feed pin 
pin 16 pos reg feed reg "Register outputs" 
pin 17 pos reg feed reg 
pin 18 pos reg feed reg 
pin 19 = pos reg feed_reg 





"Internal 

AC "Asynchronous Clear node" 
SP "Synchronous Preset node" 
EQUATIONS 


SP = SSET "Synchronous Preset 
AC = ARES "Asynchronous Clear 
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"D register 


"T register 


register 


register (clocked) 


"SR latch" 


= This ’!'’ is actually ignored by the APEEL. The inversion 
is performed by the output’s NEG polarity. 


= LEN & LAT # | "Gated latch" 
ILEN & Q GL # 
LAT & Q GL "fix hazard when Q GL=1" 


TEST VECTORS "D Register" 
( CLK D SRES SSET ARES 
0 0 uf 


10 


mreormereremex oOo 


Oo 
oO 


QAAaAAAANAAS 
rPOorOOAOC OO 
oo Oo 0F OF © 
oOooooo0o Cc Fr 


TEST VECTORS "T Register" 
( CLK T SRES SSET ARES 


10 


naeemeorery 


0 0 0 1 


POoOorRODOOO OO 
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6.3 Basic Registers and Latches 6.0 Application Examples 


TEST VECTORS "JK Register" 
( CLK J SRES SSET ARES 
0 0 0 i: 


i?) 


qgagNgaaAaanqnnnnan 
POrPOrRPrPFOOOCO SO 
PrRoocrdcdrdaqocioonr 
oo oo oooorrF © 
oooocooo ororfF 
ooocoocaoaococ eo 
mremrrmrerteraoe 


TEST VECTORS "SR (clocked) " 
( CLK SRES 5S ) 
c 0 Xx 


TEST VECTORS 
{ S R 





TEST VECTORS "Gated Latch" 
( LAT LEN > Q GL 
-> 


co) 
oO 


COOrFPPFOrFOCO 
OrnocorrFOoOOE- 
Prem mmePeree & 
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6.4 Clock Divider and Address Decoder 6.0 Application Examples 


6.4 Clock Divider and Address Decoder 





DEVICE: PEEL18CV8 © 
FILE NAME: V8CLKADD.APL 


This application uses the PEEL18CV8 for two common 
microprocessor system functions: a clock divider and a memory 
mapped address decoder The clock divider provides divide 2, 4 
and 8 clock outputs. The SET input sets all clock outputs high. 
The address decoder decodes the processor address lines to 
select one of five memory or I/O devices. The chip select for 
these devices are active low. The memory map over a 64K 
boundary is shown below. 


Memory Map for Address Decoder 


EPROM (32K X 8) 8000-FFFF hex 
EEPROM ( 2K X 8) 5000-S5FFF hex 
UVART 4100-41FF hex 
PORT 4000-40FF hex 
SRAM ( 8K X 8) O000-1FFF hex 


CLK 





SET 


CLK CLK4 (+ 4) 


CLKB (+ 8) 


EPROM 
EEPROM 


ADDRESS —— 


PORT 
SRAM 





Figure 6.4b — Block diagram for V8CLKADD.APL 
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6.4 Clock Divider and Address Decoder 


6.0 Application Examples 





TITLE ‘APEEL FILE: 


DESIGNER: Robin Jigour, 


DATE: 9/20/87" 


PEELI8CV8 


"PIN ASSIGNMENTS 
“Inputs 


CLK 
SET 
A08 
A0Q 
Al0 
All 
Al2 
Al3 
Al4 
Al5 


PwWomOny nD OP WN PE 


LCL 


PEELI8CV8 CLOCK DIVIDER AND ADDRESS DECODER 


"Outputs and Macro Cell definitions 


SRAM £2 
PORT is 
DART 14 
EEPROM LS 
EPROM 16 
CLK8 1? 
CLR4 18 
CiRZ 19 


"Tnternal Nodes 


AC node 21 
SP node 22 


neg 
neg 
neg 
neg 
neg 
pos 
pos 
pos 


com 
com 
com 
com 
com 
reg 
reg 
reg 


feed pan 
feed _pin 
feed pin 
feed pin 
feed pin 
feed reg 
feed reg 
feed reg 


"5 Combinatorial outputs. 


"Pins 12-16 have active low outputs. 


"3 Registered outputs. 


"Asynchronous Clear - not used. 
"Synchronous Preset. 
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6.4 Clock Divider and Address Decoder 


EQUATIONS 
"Clock Divider 
DF SET 

CLK2 


CLR4 





6.0 Application Examples 





"Tf SET=1 set all CLK outputs 
"CLK divided by 2. 


"CLK divided by 4. 


"CLK divided by 8. 


"Address Decoder (active low outputs) 


/ SRAM 


/PORT 
/UART 
/EEPROM 


/EPROM Al15 





'A15 & !A14 & !A13 


Tt 


W 


"Note: '’/’ can be used instead of 


"The '/' is actually ignored by APEEL. 
"Here, the '’/’ is inserted to: 
(1) indicate that the output is active 
LOW, and 
(2) allow the user to match the output 
signal name with what’s on his/her 


design. 
rue 


{A115 & Al4 & !Al13 & !A12 & !Al11 & !A10 &€ !A09 & !A08 


'A15 & A1l4 & !A13 & !A12 & !A11 & !A10 & !A09 & AO8 


'A15 & Al14 & !A13 & A12 & !A11 
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6.4 Clock Divider and Address Decoder 6.0 Application Examples 








TEST VECTORS "for Clock Divider" 
( CLK SET ->CLK8 CLK4 CLK2 
H 


?) 
hw 


QANNAAARAANAAAA 
ooo oo 00 0 0 
Pore rere 
rocorerPrPrmee 
Pore ePoee mes 


TEST VECTORS "for Address Decoder" 
( AlS Al4 A13 Al2 All A10 AO9 AOS -> EPROM EEPROM UART PORT SRAM 
0 0 0 X X X X H H L 
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6.5 Bus Programmable 8 to 1 Multiplexer 6.0 Application Examples 


6.5 Bus Programmable 8 to 1 Multiplexer 





DEVICE: PEEL18CV8 
FILE NAME: V8BUSMUX.APL 


This application implements an 8 to 1 multiplexor that can be 
interfaced to a uP bus. Any one of the 8 inputs (I0-7) can be 
selectively routed to the output (OUT) by writing (/(WR and /CS 
=0) a 3-bit binary value to the data inputs (DI0-2). The value is 
stored into a 3-bit latch that controls the multiplexer selection. 
Because the latch utilizes internal asynchronous feedback 
(macro configuration #8), the value can also be enabled onto 
the data outputs (DOO0-2). The DI and DO (0-2) pins should be 
tied together for write/read bus operation. The truth table for 
the mux is depicted via the test vectors. 





Figure 6.5a — Pinout for V8BBUSMUX.APL 


8 Mux. Inputs Mux, Output 









7654321 0 e 
PEEL18CV8 RD 


cS 
ADDRESS 
DECODE 








MICRO— 
PROCESSOR 










ADDRESS BUS 


Figure 6.5b - The multiplexer in a typical microprocessor system 
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6.5 Bus Programmable 8 to 1 Multiplexer 6.0 Application Examples 





TITLE ‘APEEL FILE: PEELI8CV8 BUS PROGRAMMBLE 8 TO 1 MUX 
DESIGNER: Robin Jigour 
DATE: 9/13/87" 


PEELLISCVS 


"PIN DEFINITIONS" 


“npure: 


I0 
Fa 
eZ 
L3 
I4 
DIO 
PEL 
BiLZ 
'WR 
LCs 
!RD 
Ed 
I6 
LS 


OAD OSB WN FP 


Xe) 


"Use as inputs only. 
"Pins 12, 17-19 macro configurations are 
"defaulted to ‘pos com feed pin’. 


a 
19 © ~] NF 


"Outputs and Macro Cell definitions 





DO2 13 = pos com feed_or "Internal feedback from the 
DO1 14 pos com feed or "TnpuL of ‘the D: flip-flop: 
DOO LS pos com feed _or 

MOUT 16 = pos com feed pin 


EQUATIONS 


DOO = DIO & WR & CS # "Set DO latch from bus write. 
DOO & !WR "Hold when not selected. 
DOO & !CS 
DIO & DOO "Prevent hazard. 

Enable DOO = RD "Enable DO output with bus read. 








6-29 


DO1 = DIl 
DO1 
DO1 
DI1 
Enable DO 
DO2 = DI2 
DO2 
DO2 
DI2 
Enable DO 


I0 
fl 
I2 
aes 
I4 
I5 
£6 
I7 


MOUT = 


TEST VECTORS "Test programmable 8 to 1 mux" 


1 


2 


& WR & CS # 


& !WR # 
& !CS # 
& DOL 


= RD & CS 


& WR & CS # 


& !WR # 
& !CS # 
& DO2 


= RD & CS 


& !DO2 
& !DO2 
& !DO2 
& !DO2 
DOZ 
DO2 
DO2 
DO2 


MBM MM MB MK KS MK 


'DO1 
!DOl 
DO1 
DO1 
‘DOL 
'DO1 
DOl 
DOl 


MM MI MW MS MK Mr MK 


() BO: 22 2 13: 24 TS 16°17) 


1 O 


0 


0 0 


0 


0 


0 


6.5 Bus Programmable 8 to 1 Multiplexer 


6.0 Application Examples 


"Set Dl latch from bus write. 
"Hold when not selected. 


"Prevent hazard. 


"Enable Dl output with bus read. 


"Set D2 latch from bus write. 
"Hold when not selected. 


"Prevent hazard. 


"Enable D2 output with bus read. 


# 
# 
# 
# 
# 
# 
# 


DI2 DI1 DIO 


"Select 
"Select 
"Select 
"Select 
"Select 
"Select 
"Select 
"Select 


1 
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IO 
Tt 
I2 
iS 
4 
Ae. 
I6 
I7 


CS WR 


1 


when 
when 
when 
when 
when 
when 
when 
when 


RD 


DO=2 
DO-2 
DO-2 
DO-2 
DOmZ 
DO=2 
DO-2 
DO0=2 


-> DO2 DO1 DOO MOUT ) 


“OOP WNP OO 


Z 





cee +s i co SO 8 nee 


mE? aaa 








6.6 8-Bit Expandable Comparator 6.0 Application Examples 


6.6 8-Bit Expandable Comparator 


DEVICE: PEEL18CV8 
FILE NAME: V8COMP.APL 


This application uses the PEEL18CV8 as an expandable 8-bit 
(or dual 4-bit) comparator. The inputs are organized into four 4- 
bit groups and are labeled AO-A3, BO-B3, C0-C3, and DO-D3. 
The comparison is done between inputs A and C, and inputs B 
and D. As an 8-bit comparator, both outputs must be tied 
together with a resistor pull-up (2-20K depending on system 
speed requirements). If the comparison is equal, the outputs 
will disable, allowing the resistor to pull the output high. If the 
comparison of is not equal an output will be asserted low pull- 
ing both outputs low. The application utilizes the individual out- 
put enables and internal feedback capability of the 18CV8 
macro cell to allow expandability. (configuration 7 in figure 6 of 
the PEEL18CV8 data sheet). This configuration is used to im- 
plement a wired-AND function allowing additional comparators 
outputs to be tied together. Thus, two 18CV8s could create a 16 
bit comparator, three a 24 bit comparator, and so on. A dual 4- 
bit comparator can be achieved by using two pull-up resistors 
(one resistor for each output). Note, if expandability is not 
needed, the pull-up resistors can be removed for the dual 4-bit 
comparator by permanently enabling the outputs. 





Vcc 


4 


| 
2 wired—AND for 
<’ 8—bit comparator 





A_EQ_C 
(A = C) 





Figure 6.6a — Pinout 
for V8COMP.APL 


Figure 6.6b — Block diagram for V8COMP.APL 
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6.6 8-Bit Expandable Comparator 6.0 Application Examples / 





TITLE ’APEEL FILE: PEEL1I8CV8 EXPANADABLE 8-BIT (DUAL 4-BIT) COMPARATOR 
DESIGNER: Robin Jigour and James Khong 
DATE: 9/13/87' 


PEEL18CV8 


"PIN DEFINITIONS" 
"Inputs" 


AO 
Al 
A2 
A3 
BO 
Bl 
BZ 
B3 
CO 
CL 
C2 "Use as inputs only. 

C3 "Pins 12-17 macro configurations 

DO "are defaulted to ’pos com feed pin’. 
D1 

D2 

D3 


Onno PWN 


"Outputs Macro Cell definitions 


pin 18 neg com feed or "Internal feedback. 
pin 19 neg com feed or 


EQUATIONS 


A EQ C AO "Compare AO-3 and CO0O-3, 
Al "when A does not = C then 
A2 URS BO OC. as 0 ss 
A3 
Enable A EQ C "Enable when A does not = C. 
"Disable when A= C. 


B EQ D "Compare BO-3 and DO0-3. 
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6.0 Application Examples 


6.6 8-Bit Expandable Comparator 


D then 


"When B does not 


# 
# 


) 


Bl & !D1 


# 
# 
# 


'B EQ D 


'B1l & Dl 
'B2 & D2 
!B3 & D3 


Enable B EQ D 


is 0 


"B EQ D 


!D2 


B2 & 


[D3 


B3 & 


"Enable when B does not 


"Disable when B 


O 

CO 

Ea 

FG 

A 
| 


G3 C2 El Co 


A3 A2 Al AO 


TEST VECTORS 


Z 


-> 





DO Di D2 D3 -> B EQ D 


BO Bl B2 B3 


TEST VECTORS 


Z 


-—> 
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6.7 8-Bit Counter with Function Controls 6.0 Application Examples 


6.7 8-Bit Counter with Function Controls 


DEVICE: PEEL18CV8 
FILE NAME: V8FCNTR.APL 


This application uses the PEEL18CV8 as an 8 bit counter with 
four control functions: hold, reset, repeat and output enable. 
The operation of each control listed below. The Synchronous 
Preset term was utilized to free-up a product term from the 
eighth bit of the counter. This allowed the hold function to be 
implemented. SRES (Synchronous Reset) - When SRES is set 
high the outputs (QO-7) will go low after the next clock. When 
SRES is set high the counter will start counting up with each 
clock. HOLD (Hold Count) - When HOLD is set high the count 
will hold the present state. When HOLD is low the counter will 
resume. REP (Repeat Count) - When REP is set high, the 
counter repeat the count after reaching FF hex. When REP is 
set low, the counter will stop after one complete count. OE (Out- 
put Enable) - When OE is high the outputs will disable to high 
impedance. When low, the outputs are enabled. (TEST) - This 
input is used to preload the registers to simplify test vector 
operation. 


CLK 
(TEST) CLOCK 


(TEST) 


HOLD 








HOLD SYNC. RESET Function 
SRES REPEAT COUNT ——<f Controls 
REP OUTPUT ENABLE 
Gnd 
Figure 6.7a — Pinout for Figure 6.7b — Block diagram for 
V8FCNTR.DOC V8FCNTR.APL 
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6.7 8-Bit Counter with Function Controls 6.0 Application Examples 





TITLE ’APEEL FILE: PEELI8CV8 8-Bit Counter with Function Controls 
DESIGNER: Robin Jigour and John Birkner 
DATE: 9/14/87" 


P18CV8 


"PIN ASSIGNMENTS 


CLK 

TEST "For test only, set Q0-Q5 to l1’s. 
HOLD 

SRES 

REP 

!OE 


"Outputs" 


Q7 = "All positive registered outputs. 
Q6 
OS 
Q4 
Q3 
Q2 
Ql 
Q0 


“Internal Nodes" 





Ac node 21 "Asynchronous Clear 
SP node 22 "Synchronous Preset 


EQUATIONS 


AC !SRES & !REP & !Q7 &€ !Q6 & !Q5 & !04 & !03 & !Q02 & ! 
"If REP=1 repeat count else stop at count 00 hex. 


!'SRES & QO7 & Q6 &€ Q5 & QO4 &€ QO3 & Q2 & QI & !00 
"Free up product term on Q7. 


Q0 'SRES & !HOLD & !9Q0 # “Counts 
!SRES & HOLD & QO # "Hold state. 
'SRES & TEST 

Enable QO = OE "Enable output. 
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6.7 8-Bit Counter with Function Controls 





Enable 


Enable 


RMA MW VW HN My SK 


Enable 


RD MM BW BS MK 
MM MB MM HM My MK 


Enable 





Q3 


Q4 
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& 


& 


Q2 & 


Q3 & 


Ql & 


Q2 & 


6.0 Application Examples 


Ql & 





6.0 Application Examples 


6.7 8-Bit Counter with Function Controls 


04 & Q3 & QO2 & Q1 & 


Q5 & 


wy 
\o 
Ol 


!Q7 & 


& 
& 
& 
& 
& 
& 
& 
& 


!HOLD 


'SRES & 


# 


!Q6 


Q7 & 


!HOLD 


ISRES & 


Q7 & 


! HOLD 


!SRES & 


# 
# 


104 


Q7 & 


! HOLD 


'SRES & 


£O3 


Q7 & 


!HOLD 


'SRES & 


# 


VO?! 


Q7 & 


!HOLD 


ISKRES: -& 


Q7 & 
Q7 


!HOLD 


!SRES & 


!SRES & HOLD 


Enable Q7 


TEST VECTORS 
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6.8 Change-of-State Port with Interrupt 6.0 Application Examples 


6.8 Change-of-State Port with Interrupt 


DEVICE PEEL18CV8 
FILE NAME: V8CPORT.APL 


This application uses the PEEL18CV8 as an 8-bit input port of 
which 4 of its inputs can detect a change-of-state. When 
detected, the INTR output is set for interrupting a CPU. The 
state change is latched by four pseudo-buried registers which 
can be read by the CPU on DO-D93 as listed in the address table 
below. Once read, unless another change has occurred, the 
INTR will be reset. The D4 output can be used for status poll- 
ing of any remaining state change. The I4-7 inputs do not detect 
state changes but can be read as a standard input port. 


Address Data Outputs 
AQ CS RD D0-3 D4 
xX 1 x Hi-Z Hi-Z 


x xX 1 Hi-Z Hi-Z 
0 QO 0 Read I0-I3 Change I0-I3 Pending Change Status 
1 0 0 Read I4-I7 Inputs Don’t care 


STANDARD CHANGE-OF-STATE 
INPUTS INPUTS 






L654 32-10 
PEELI8CV8 GK 

INTR 
RD 













INTR 








CS AO DO-4 





MICRO— 
PROCESSOR 








ADDRESS 
DECODE 







DATA BUS 






ADDRESS BUS 






Figure 6.8a — System interface for change-of-state port 
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6.8 Change-of-State Port with Interrupt 


6.0 Application Examples 








1 20 +5V 
2 19 
erenaee PEELIacve 19 ft DO |) one 
of—State S ! D1 Outputs 
Inputs 4 D2 
5 D3 
eae 6 D4 (Status) 
anaar 
Inputs 7 INTR 
8 RD 
9 CS 
10 AO 
Figure 6.8b — Pinout for V8CPORT.APL 
STANDARD 
CHANGE- 
OF-STATE 10-3 
INPUTS 
D4 
RD CONTROL INTR 
CS LOGIC 
AO 





Figure 6.8c — Block diagram showing internal functions of V8CPORT.APL 
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6.8 Change-of-State Port with Interrupt 6.0 Application Examples 





TITLE ‘'APEEL FILE: PEEL1I8CV8 CHANGE-OF-STATE INPUT PORT WITH INTERRUPT 
DESIGNER: Robin Jigour, ICT 
DATE: 9/4/87! 


PEEL18CV8 


"PIN DEFINITIONS" 
*inputs”™ 


Gisk 
I0 
sae 
LZ 
13 
T4 
ile: 
I6 
Ld 
AO 
rcs 
RD 


"Must be connected to pin 14, INTR. 
"TO-I3 inputs can detect change-of-state. 


"T4-I7 are standard inputs. 


Ow DO SP WN FE 


rr wo 
N he 


"Use as inputs only. 
"Default macro configuration = pos com feed pin. 


a) 
Ww 


"Outputs" 


INTR feed _or 

D4 feed or "Internal feedback. 

D3 feed reg 

D2- feed reg 

D1 feed _reg 

DO = feed reg "Pseudo buried registers. 


EQUATIONS 


DO = I0 & !CS # "T0 to DO register. 
I0 & CS & !RD # "TO to DO register. 
DO & CS & RD & !AO # "Read DO register. 
I4 & CS & RD & AO "Read 14. 
Enable DO = CS & RD "Enable onto data bus. 
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6.8 Change-of-State Port with Interrupt 6.0 Application Examples 





DL 8. LES a "Tl to Dl register. 

Il & CS & !RD # "Tl to-D)l teqister. 

Dl & CS & RD & !AO # "Read Dl register. 

I5 & CS & RD & AO "Read I5. 

Enable Dl = CS & RD "Enable onto data-bus. 


T2 'cS "I2 to D2 register. 

I2 cs !RD # "I2 to D2 register. 

D2 CS RD & !AO "Read D2 register. 

I6é & CS & AO "Read I6. 

Enable D2 CS & RD "Enable onto data-bus. 


13 rcs "I3 to D3 register. 

os Cs : "T3 to D3 register. 

D3 Cs "Read D3 register. 

I7 & CS "Read I7. 

Enable D3 "Enable onto data-bus. 


TO !DO "Compare I0-3 with DO-3 registers. 

T1 LD "D4=1 if I0-3 and DO-3 are not equal. 
IT2 1D2 

I3 & !D3 

Enable D4 "Enable onto data-bus for status. 


= D4 "Latch not-equal status uP interrupt and 
D4 ! "PEEL clock. Clear interrupt when registers 
D4 "are read and there are no more input state 
INTR "changes, that is, when D4, CS, RD and AO 
INTR "are all O. 
INTR 
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6.0 Application Examples 


6.8 Change-of-State Port with Interrupt 


10n 


D4 


t port I0-4 operat 


3 
Q, 
S 
4 


-> DO Di D2 D3 


ge-of-state 
CS RD 


AO 


LO? fl TZ LS 


TEST VECTORS "Test chan 
CLK 


Lon” 


D4 


t port 14-7 operat 
-> DO D1 D2 D3 


inpu 
AO CS RD 


"Test standard 


I4 I5 16 17 


TEST VECTORS 
{ CUR 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


Borrow-in 
DEVICE PEEL22CV10Z 
FILE V1iOCNT8.APL 


This application uses the PEEL22CV10 as an 8-bit Up/Down 
Loadable counter. The four controls are: 


CLR (Synchronous Clear)—When CLR is set to High, all out- 
puts (Q7-Q0 and CO_BI) will be set to Low on next clock. 


UP (Up/Down control)—When UP is set to High, outputs Q7-QO 
will count up on each clock. When UP is set to Low, outputs Q7- 
QO will count down. 


LOAD (Load data)—When LOAD is set High, outputs Q7-QO0 
will follow the data of D7-DO on next clock and the output 
CO_BI will be set to Low. 


[OE (Output Enable)—When OE is set to High, all outputs (Q7- 
QO and CO_BI) will be High Impedance. When OE is set Low, 
all outputs will be enabled. 


Note: After counting up 255, the count will go to 0 and the 
CO_BI will be set High on next clock. The High will remain on 
the CO_BI pin until LOAD or CLR goes High. The table below 
describes the operation: 





Operation Table 


LOW 
COUNT UP 
255-70 
COUNT DOWN 
0-255 
DATA IN 
HIGH-Z 


X 
1 
1 
0 
0 
X 
X 





- 
xeeocex| § 
oO 


C 
Cc 
Cc 
C 
Cc 
C 
X 


C = Clock Pulse (0-1) 
X = Dont Care 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 





CLK 
DO-D7 
CLR 
LOAD 
/OE 







8—BIT Q0-Q7 
UP/DOWN 


COUNTER 





CO_BI 
(carry—out /borrow-in) 


Figure 6.9a — Block diagram for ViOCNT8.APL 


LOAD (Dedicated Input) 
CO_BI (Carry—Out /Borrow—In) 
Q4 

Q5 

Q6 








Figure 6.9 b — Pinout for ViOCNT8.APL 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


TITLE 'APEEL FILE: PEEL22CV10 8-Bit Up/Down Loadable Counter with 
Carry-Out or Borrow-In. 
DESIGNER: James Khong DATE: 6/9/88" 


Peel22CV10 


"PIN ASSIGNMENTS 


CLK 
CIR 
DO 
D1 
D2 
D3 
D4 
DS 
D6 
D7 
UP 
OE 


On HD OP WN FE 


NPR FP © 
WwWrROo 


"Used as input only. Default macro configuration 
"is defaulted to 'pos com feed pin’. 


reg "All positive registered outputs. 
reg 

reg 

reg 

reg 

reg 

reg 

reg 

reg "Carry-Out. / Borrow-In. 





"Asynchronous Clear node - not used. 
"Synchronous Preset node. 


Equations 
Enable Q7 


Enable Q6 
Enable 05 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


Enable 04 = !0E 
Enable 93 'OE 
Enable Q2 = !0E 
Enable Ql = !0OE 
Enable QO = !0E 
Enable CO BI = !0E 


SP ‘CLR & !Q0 & !Q01 & !02 & !903 & !04 & !'05 & !Q06 & !07 & !UP & !LOAD; 


Q7 !CLR 
LCUR 
!CLR 
+CLR 
!CLR 
PCR 
CLR 
' CLR 
!CLR 
SOLER 
!CLR 
PCuR 
POLE 
ECLR 
'CLR 
'CLR 


Q0 "Count Down. 
Ql 
Q2 
3 
04 
Q5 
Q6 
1Q0 
!QOl 
1Q2 
'Q3 
104 
1!O5 
106 
Q0 
D7 


POP 
OP 
PUP 
LUP 
LUP 
LUP 
UP 
UP 
UE 
UP 
UP 
UP 
UP 
UP 
Q2 


! LOAD 
!LOAD 
! LOAD 
! LOAD 
! LOAD 
! LOAD 


Q7 # 
# 
# 
# 
# 
# 
!LOAD # 
# 
# 
# 
# 
# 
# 
# 


Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Q7 
Ql 


! LOAD 
! LOAD 
! LOAD 
! LOAD 
! LOAD 
! LOAD 
!LOAD 
Q3 & 204 &€ O05 & QO6 & !QO7 & UP & !LOAD # 
"Load Data. 


“Count Up. 


MMM MOM MM MMW HSM MMM HM HK K 
MIM MBM MS MM KM HM SM MS HSM MM KS KS KM 
MM MH MH MO M MB MM MH M BM MN MK Ky MK 
RM MM NSM SB SOM SN SM BM MK KM 


i 
O 
ne 
Oo 


VCR 
!CLR 
TCLE 
PCLR 
!CLR 
!CLR 
ECER 
PCiR 
PCI 
CLR 
!'CLR 
VCER 
rCLR 
CLR 
LeCLR 


1Q0 
Q0 
Q1 
Q2 
Q3 
04 
Q5 


'OlL & 102 & !03 & !04 & !05 & !06 & !UP & !LOAD # 
Q6 !UP ! LOAD 
QO6 !UP ! LOAD 
Q6 'UP ! LOAD 
Q6 !UP ! LOAD 
Q6 !UP ! LOAD 
Q6 !UP ! LOAD 
Q6 UP ! LOAD 
Q6 UP ! LOAD 
O6 UP ! LOAD 
Q6 UP ! LOAD 
Q6 UP ! LOAD 

UP ! LOAD 

Q2 & O3 & 04 & OS & 106 & UP & !LOAD # 


MB SM M1 OM SM MR KM M Ky Ky MK Mr 
MMO MM MO SO MN MM MN MO KS MSI M KN 
MMM NM MO SO NM MI MS MK K 
$e $F $F EOE HEHEHE HEHEHE 


fCUR 'Q1 & !02 & !Q03 & 104 & !Q5 & !UP & !LOAD # 
PCR Q5 & !UP & !LOAD # 
'CLR Q5 & !UP & !LOAD # 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


! LOAD 
! LOAD 
!' LOAD 
! LOAD 


Q2 # 
# 
# 
# 
!LOAD # 
# 
# 
# 
4 


Q3 
24 
1Q0 
Lor 
O72 
rO3 
104 Q5 
Q0 Ql 
DS & LOAD 


Q5 
Q5 
QS 
Q5 
Q5 
Q5 
Q5 


UP 
UP 
UP 
UP 
UP 
Q2 


! LOAD 
! LOAD 
!' LOAD 
Q3 & Q 


MMMM MM MS MK MB 
MM MM MM WM BM KS MK 
MMM MO MM KS KS NK 


& !Q5 & UP & !LOAD # 


MNO WM SM MM KM KM BM KR 


RQ 


!Q0 
Q0 
Ql 
Q2 
Q3 

!Q0 

rod 

1Q2 


'Q1 & !Q02 & !03 & !Q04 & !UP & !LOAD # 
Q4 & !UP !LOAD # 
Q4 & !UP 'LOAD # 
Q4 & !UP !'LOAD # 
Q4 & !UP !LOAD # 
Q4 & UP !LOAD # 
Q4 & UP !LOAD # 
Q4 & UP !LOAD # 
!O3 Q4 & UP !'LOAD # 
Q0 Ql & O2 & O3 & !04 
D4 & LOAD 


MMM MMM MS |S K 
MMO MM MS MN S| Ka 


& UP & !LOAD # 


MMM MB MM MSM MS Rr NM Mr Kr 


!Q0 
Q0 
Q1 
Q2 

!Q0 

{Ql 

noe 
Q0 
D3 


'O1 & !02 & !03 & !UP & !LOAD # 
Q3 !UP ! LOAD 

Q3 PUP ! LOAD 

Q3 LUP ! LOAD 

O3 UP ! LOAD 

Q3 UP ! LOAD 

Q3 UP ! LOAD 

Ql Qz2 'Q03 & UP & !LOAD # 
LOAD 


MOM MO MOM HS KS Kr 


& 
& 
& 
& 
& 
& 
& 
& 
& 





'O1 & !Q2 & !UP & !LOAD # 
Q0 Q2 !'UP & !LOAD # 
Ql Q2 'UP & !LOAD # 

Q2 UP & !LOAD # 

Q2 UP & !LOAD # 
Q0 Ql !Q2 & UP & !LOAD # 
D2 LOAD 


Ol 
Q0 Ot 

Ql 
Q0 rod 
D1 LOAD 
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6.9 8-Bit Loadable Up/Down Counter with Carry-out or 


'00 & !LOAD # 


'CLR & 


= !CLR & 


CO: Bt 


!LOAD # 


PUP 3& 


& 


!LOAD # 


UP & 
!CLR & CO BI & 


COB 


the previous 


in 


{LOAD “Latch 


LESt Vectors 


L 
L 
L 
L 
L 
L 
L 
H 


be i. deo i, de tke OE 


las Ta ol. de ke T= 


Xx X X X X XK X X 
Xx X X XK XK X K X 
X X X X X XK XK XK 


X X X X X X XK X 


C- 


z 
a 
O 
S 
() 
a 
ct 
a 
N 
O 
Mm 
Oo 
aS i 
oO 
Ww 
Oo 
\O 
e 
tf 
or 
A 
I 
fx 
O 
oO 
a 
cs 
a 
N 
a 
(oe) 
a 
ss 
A 
ve) 
a 
\O 
la 
tf 
A 
Q 
x 
O 
4 
Au 
7) 
%, 
4 
O 
Na 
= 
O 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


mie Ns. Ai. dy. “aig + cde cl VE 


Soy i. Me i das Gs a 


add ae. SEE OR: wee dot | Se 


1 


X X X X X XK K X 
X X X X X X K X 
X X X X XK X K X 
X X X X KX XK K XK 


SoH io 4 Hy Ci oe: 


met ST Os id. ee ds 


=o I> ‘t ch G&:--k ob. ube <i 
ee bac gs a. a ie, ds 


H 


L 
L 
L 
L 
L 
L 
L 
H 


Sede on by: “Hy GG: “H.-da. ch 


1 
X 


Xx X X X X X K X 


0 
X X X X X X XK xX 


1 


eo cae ad Ale SRY “le SEE UA 


=> cH. ii <H UG, one 1G. 


mo das (ee ie Ge a “UE ge. 


oe I a? IS in ed, Rs 


0 


X X X X X X XK xX 
X X X X X XK K X 
X KX X X X X XK X 


=o Ts as “ly. cy ai io A 


sae Na “Ys - ae Ss Sa Ss de, 


0 
0 


S200. ° OH: GH, oA “ile oH: OB 


H 


eee. TH: a; ot, oH oH is 


ie ee Ge la 2 a” a 


0 


X X X X X KX XK X 


Ass Ay 


X X X X X X X X X 
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6.10 Change-of-State Port with Interrupt 6.0 Application Examples 


6.10 Change-of-State Port with Interrupt 


DEVICE PEEL22CV10Z 
FILE NAME: V1OZPORT.APL 


This application uses the PEEL22CV10Z as an 8-bit input port 
of which all of its inputs can detect a change-of-state. When 
detected, the INTR output is set for interrupting a CPU. The 
state change is latched by eight pseudo-buried registers which 
can be read by the CPU on DO-D7 as listed in the address table 
below. Once read, unless another change has occurred, the 
INTR will be reset. The NEQ output can be used for status poll- 
ing of any remaining state change. To reduce the average 
power consumption, the ZERO-POWER mode is used. 


Address Data Outputs 

AQ CS RD D0O-7 NEQ 
xX 1 X Hi-Z Hi-Z 
xX X 1 Hi-Z Hi-Z 


0 0 0 Read I0-I7 Change I0-I7 Pending Change Status 


CHANGE-OF-STATE 
INPUTS 


7654352 1 


PEELZZCViCZ. 
INTR 


CS AO DO-7 RD MICRO- 
PROCESSOR 


ADDRESS 
DECODE 


DATA BUS 
ADDRESS BUS 





Figure 6.10a — System Interface for V10ZPORT.APL 
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6.10 Change-of-State Port with Interrupt 6.0 Application Examples 





CLK 24] Voc 
lO DO 
11 D1 
[2 D2 
IS D3 
/CS NEQ 
/RD INTR 
|4 D4 
Id DS 
I6 D6 
|7 D7 
Gnd AO (Dedicated Input) 


Figure 6.10b — Pinout for Vi0ZPORT.APL 


PEEL2Z2ZCVIOZ 
CHANGE— 
OF-STATE 10-7 D0-7 
INPUTS 
NEQ 
RD INTR 
CS 





Figure 6.10c — Block diagram showing internal functions of ViOZPORT.APL 


6.10 Change-of-State Port with Interrupt 6.0 Application Examples 














oe 
oh 




























TITLE ’APEEL FILE: PEEL22CV10Z CHANGE-OF-STATE INPUT 
DESIGNER: Robin Jigour, ICT 
DATE: 5/1/87’ 


PORT WITH INTERRUPT 


PEEL22CV10Z 





ZERO POWER "The key word '’ZERO POWER’ is omitted for non zero-power mode. f 
"For zero-power applications, this key word must be specifiedf 
"after the part number declaration but prior to pin list 

"definition. 


"PIN DEFINITIONS" 


"Inputs" 


CLK pin 1 "Must be connected to pin 18, INTR. 
Io pin 2 "IO-I7 inputs can detect change-of-state. 
Il pin 3 

IT2 pin 4 

I3 pin 5 

!RD pin 6 

!cS pin 7 

T4 pin 8 

£5 pin 9 

16 pin 10 

I7 pin 11 


AO 


"Outputs" 


D7 pin 14 = pos com feed_reg “Pseudo buried registers. 
D6 pin 15 = pos com feed_reg 

D5 pin 16 = pos com feed_reg 

D4 pin 17 = pos com feed_reg 

INTR pin 18 = pos com feed_or 

NEQ pin 19 = pos com feed_or 

D3 Pin 20 = pos com feed_reg 

D2 pin 21 = pos com feed_reg 

D1 pin 22 = pos com feed reg 

DO pin 23 = pos com feed _ reg 
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6.10 Change-of-State Port with Interrupt 6.0 Application Examples 





EQUATIONS 


DO LO:-&- CS "I0 to DO register. 
IQ & CS "I0 to DO register. 
DO & CS "Read DO register. 
I0 & CS "Read I0. 
Enable DO "Enable onto data bus. 


a LCs "Il to Dl register. 

Td CS "Il to Dl register. 

D1 cS "Read Dl register. 

Il & CS "Read Il. 

Enable Dl CS & RD "Enable onto data-bus. 


[2 ics "I2 to D2 register. 

I2 cs 'RD # "I2 to D2 register. 

D2 cs RD & !AO "Read D2 register. 

12 & Cs RD & AO "Read I2. 

Enable D2 CS & RD "Enable onto data-bus. 


T3 'CS MIS to ".D3) register. 

I3 cS "I3 to D3 register. 

D3 Cs "Read D3 register. 
£3. -¢S "Read 13. 

Enable D3 "Enable onto data-bus. 


I4 & !CS "I4 to D4 register. 

I4 & CS "T4 to D4 register. 

D4 & CS "Read D4 register. 

T4 &@ CS "Read 14. 

Enable D4 CS & RD "Enable onto data bus. 


I5 & !cS "EL £6.05. PeGgister, 
Lo.& Cs "Tl to D5 register. 

Do -&- «CS RD & !A0O "Read D5 register. 

I5 & CS & AO "Read I5. 

Enable D5 CS & RD "Enable onto data-bus. 


I6 & !CS "I6 to D6 register. 
I6 & CS "To to D6 register. 
D6 & CS RD & !A0 "Read D6 register. 
Lo: “Cs & AO "Read I6. 

Enable D6 CS & RD "Enable onto data-bus. 
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6.10 Change-of-State Port with Interrupt 6.0 Application Examples 


L? & ECS "I7 to D7 register. 

I7 & CS "I7 to D7 register. 

D? & «CS "Read D7 register. 

I7 & CS "Read I7. 

Enable D7 = "Enable onto data-bus. 


DO "Compare I0-7 with DO-7 registers. 

Di "NEQ=1 if IO-7 and DO-7 are not equal. 
D2 

D3 

D4 

D5 

D6 

D7 


I0 'DO 
Te. Led 
I2 !D2 
I3 EDS 
4 !D4 
LS YDS 
I6 'De 
T7 LD 


+ 4F HH HE HE OH OF 
MM MM KM KM MK NK 


‘?) 
'€p) 


"Latch not-egqual status for uP interrupt and 
"PEEL clock. Clear interrupt when registers 
"are read and there are no more input state 
"changes, that is, when NEQ, CS, RD and AO 
Ware all. 0. 


iP 
oe) 


TEST VECTORS "Test change-of-state input port I0-7 operation" 


(CLK I0 I1 I2 13 14 I5 I6 I7 AO CS RD -> DO Di D2 D3 D4 D5 D6 D7 NEQ INTR) 
0 0 0 0 0 0 0 0 Z, hb DOB OL 





POrRrPrFPRPOOHRRFPFOOOKrFPrFP OO 
PRPRrRFrPrPrPrPOODOOFPH EH EEO 
PRRrPrPFrFODDOOCOCCOOOOOCoOa fa 
PrRrPrRrFODCOOOCOOOCAOaaOaOc oe 
FPREFrFPrPOCOODOOOOCOaAOCOCoO Oo 
FPrPrRPRFPrPODCOOCOCOOOCOOCAOC Oo 
FPrFPPrPrFPOoOodDdDOOCCOOCOCOaOa Oo 
PrRRPrPrFODODOOCCOCCOCOOCGOCO0 oO 
PrRRrPrRPODDOCOCO0OCCOOCO ao 
OM OOMX XX OCOKXX KM OOCOxxKO™ 
FOrRrFRFrODOCOFRHOOOHFRPHFPHOOHFOS 
COFRPCOMX RMP OC O-MFPrPrFPOOOF - 
NNMNNNNNHTNNNNTENNN KN 
NNENNNNNTNNNNHYENNN 
NNOFNNNNNHENNNNH EE NNN KN 
NNPTNNNNNHTNNNNHYEENNN ™ 
NNEENNNNNETNNNNLTEE NNN 
NNN NNNNENNNNETHR NNN 
NNEFNNNNNETNNNNP ENN WN 
NNENNNNNTENNNNEP NNN KN 
mmm eerPnrP er PP’ ePPrerenme EK 
a re Oe one Sere ns Ors OO oe ee Ore Oe OO wal on os ee Se Se ae) 
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6.0 Application Examples 


6.10 Change-of-State Port with Interrupt 








L 





H’ 
Hee ol 
a> I aly de abe <b: ib 


we. oH: 2a SE SH id 
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1 
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6.11 16 to 4 Priority Encoder 6.0 Application Examples 


6.11 16 to 4 Priority Encoder 


DEVICE: PEEL173 
FILE NAME: PRI173.APL 


This PEEL173 application implements a 16 to 4 priority encoder 
with high-impedance outputs. If any DO-DF input goes low, the 
GS (group strobe) output will go high and the binary value of 
the highest priority input will be placed on the EO-E3 (Encoded) 
outputs when enabled by OE (output enable). The DO input is 
highest priority and DF lowest. When the E0-E3 outputs are dis- 
abled (a function of OE or !GS) they assume a high-impedance 
state. This makes it possible to interface the encoded outputs 
onto a system bus where GS might serve as an interrupt line to 
a uP and OE as the chip select. The high-impedance control 
also allows multiple PEEL173 priority encoders to be bussed 
together for creating wider (32, 48 or 64 bit etc.) priority en- 
coders. To add additional encoders, the highest priority OE 
must be tied low, and the GS must contro! the next highest 
priority OE. The multiple GS can be further encoded to identify 
which device is driving the EO-E3 lines. 





EU=ES 
(encoded output) 





Figure 6.11a - Pinout Figure 6.11b - Block diagram for 
for PRI173.APL PRI173.APL 
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6.11 16 to 4 Priority Encoder 














TITLE 'APEEL FILE: PEEL173 16 TO 4 PRIORITY ENCODER 


DESIGNER: Robin Jigour, 
DATE: 10/15/87’ 
PEEL173 


SPIN. DEFINITIONS” 


VL RpuLSs 


fee 


DO 
D1 
DZ 
D3 
D4 
DS 
D6 
D7 
D8 
D9 
DA 
DB 
DC 
DD 
DE 
DF 
OE 


eo a ee a 


ee ee ee 
ee ee on oe 
OTANDBDWPRPOUWMAWHAUBWNHE 


HS: Oe 9 1: FO 9. SO Oe IS 
b- he 
oe 2 ee Be Be Pe? a? ie? an? Bae eo ae > aS B® Bee ee 


"Outputs 


EO 
El 
E2 
E3 
GS 


IcT 


"Pins 14-18, 


default polarity 


6.0 Application Examples 





pos. 























6.11 16 to 4 Priority Encoder 


EQUATIONS 


GS ! (DO 


DO 
DO 
DO 
DO 
DO 
DO 
DO 


DO 


El = 


E2 = DO & 
DO & 
DO & 
DO & 
DO & 
Enable E2 


E3 = DO & 
Enable E3 


6.0 Application Examples 





& Dl &€ D2 & D3 & D4 &€ D5 & D6 & D7 & DB & DY 
& DA & DB & DC & DD & DE & DF) 


'D1l # 


D1 
D1 
Di 
D1: 
D1 
D1 


OU Oo 
NM NM NO 


O”O 
NY Nh 


& 
& 
& 
& 
& D2 
& 
& 
O 


ic) 
QR 


OM MM KM KS LK 
COU UUOU FO 
NO NM NM NH LH 


ie] 
RQ 


'OE & 


IDO # 
D9 & DA & !DB # 
D9 & DA & DB & DC 


D9 & DA & DB & DC 


!D6 # 

D6 & !D7 # 

D6 & D7 & D8 & DO & IDA # 

D6 & D7 & D8 & DY & DA & !DB # 

D6 &€ D7 & D8 & DI & DA & DB & DC & DD 


'D5 # 

D5 & !D6 # 

DS & D6 & !D7 # 

D5 & D6 & D7 & D8 & DO & DA & DB 


D5 & D6 & D7 
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6.11 16 to 4 Priority Encoder 











scsnnssnnesaccnnstees sannnancenienesans soccer: ee sonia cay sansa anni a eee SR aa 
es sotatatencertctonnnetshanetctct > Seton sates Retest mere eee Satatattnttatatntoteteate aes see 
ee ~ Seen eee Ss oe ae ee BBs : See se See 

Sesceceten 3 


32 Sees RRR aan 
oo oo oe ee 





a a see Soe aeree 
pinnae SRS aie ee oe ee 
saan naamnamen NaS oa an a eS 





OX, Wate, ny Y 
Sateen ea oraabenenans 








= 

: 
=< 
4 





























GS 
H 
H 
H 
H 
H 














ro) 
ANN HH TMADMHARMHA MHA MHA MARAT N 
et eee 
ANN HAH TMAA TR MAHA RB MHAA At aN eee 
es 
N ere 
ANN HAHAH MMM RAHA HAHA MUM EMN ee 
BN N AH AHA AHA AHA DRA eae aa N Se 
NAN RA KRAKRAAKAAKAAAAAAAKAAAANRA Se 
ia: 6 '@ ' bt bt t & § bt to t §& § bt tlh la oe 
HONSCCOOCOCOCOSCOCOODCCOSO : 
PAGER Sane VR MUS RG CANES SP a eee PEE 
PRS Raa ee ae a cE ole ak ae 
CNIS, AES Hee a teeters ry EO aes SOREN 
Pa Ee aot el pons eee ee eee mae 
Py rat neta eae ee, Perea ee eae eae ae ee Co aes 
Bee ee he Ge ent Cay ee eS Et Se ey 
Be PSA OS EEA egret ee cae Dl eA ene we ge 
Ott KM mM KM MK KE KOKA dA At HA es 
Qa 
Pe Be Rat eee ea a, 
Od HMMM KM MR MO TR AH A Rt AA tt aA eA 
a 
Oct A KR KKK KM Ont An AR dA HAG Gs 
a 
SA Me KK MO dd AA dA AH At aA At A A eM 
Aa 
DS A ae Ms ES ED ENE CVS ea ee el aes 
oO 
HN at dt KM Ott AH et nA cai di dt A A A eA A dH eX 
Oa 
fx] 
Be ra oe Aone eee cg Ray Coe ps PAN ps 
A 
a 
NOt A Ont A tA dt dtd di dd A dt a a aA | 
f1 A 
H~ 
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6.12 8-Bit Greater-Than/Less-Than Magnitude Comparator 6.0 Application Examples 


6.12 8-Bit Greater-Than/Less-Than Magnitude Comparator 


DEVICE: PEEL273 
FILE NAME: MAG273.APL 


This application uses the PEEL273 to implement a magnitude 
comparator that compares two groups of eight inputs (A0-7 and 
BO-7) to provide both greater-then (AB) and less-then (A) out- 
puts. The comparator can be cascaded by connecting the 
A_GT_B and A_LT_B outputs of up to eight PEEL273s to the An 
and Bn inputs a next level PEEL273. Thus nine PEEL273s 
would allow for a 64-bit magnitude comparator. Comparators, 
especially magnitude comparators use many exclusive-OR 
functions for testing for equality or inequality. Because of this, 
the sum-of-product equations for just one output of the mag- 
nitude comparator requires 2 to the n-1 product terms per bit. 
With eight bits that comes to 255 product terms per sum, more 
then are available with even the PEEL273. However, by using 
multi-level logic many of the high order exclusive-OR functions 
(EQ4-EQ7) are first implemented and then used in the final 
magnitude comparator output equations, thus, reducing 
product terms to 39. 









AQ-A7 8—BIT A_GT_ 

MAGNITUDE (A > B) 

BO—B7 COMPARATOR A LTB 

(A < B) 

Figure 6.12a — Pinout Figure 6.12b — Block diagram for MAG273.APL 


for MAG273.APL 
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6.12 8-Bit Greater-Than/Less-Than Magnitude Comparator 











6.0 Application Examples 





TITLE ’APEEL FILE: PEEL273 8-BIT GREATER-THAN/LESS-THAN 

MAGNITUDE COMPARATOR 
DESIGNER: Robin Jigour, ICT 
DATE: 10/11/87! 


PEEL2Z73 


"PIN DEFINITIONS" 


“lnpucs™ 


AO 
Al 
A2 
A3 
A4 
ADS 
Ao 
Al 
By 
B6é 
B5 
B4 
B3 
B2 
Bi 
BO 


"Outputs 


E4 
ES 
E6 
E7 
A LT B 
A GT B 


Orn D OB WD 


18 
LS 
20 
24 
22 
23 


= NEG 
NEG 
NEG 
NEG 
POS 
POS 


"Pins 14-17, default polarity = pos. 


"E4-E7 


are used to minimize equation product terms. 
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6.12 8-Bit Greater-Than/Less-Than Magnitude Comparator 6.0 Application Examples 





EQUATIONS 


Enable A GT B= "Enable outputs (unconditionally). 
Enable A LT B 

Enable E7 

Enable E6 

Enable E5 

Enable E4 


E7 (XNOR) 


(XNOR) 


(XNOR) 


(XNOR) 


ACP B= AT eS FRI + 
E7 & A6 & !B6 # 
E7 & E6 & AS 
E7 & E6 & E5 
E7 & E6 & ES 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & ES 
E7 & E6 & ES 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & E5 
E7 & E6 & ES 
E7 & E6 & ES 
E7 & E6 & ES 


EBD. a 
A4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 
E4 


1B4 
A3 
'A3 
A3 
!A3 
1A3 
A3 
A3 


ne > LP 
NO NO NO 
> LP 
Ss 


p> 
fe 





ne 
N 
ao > > 
‘= = = 


oe 

ND 
> 
ke 


& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 


DMM HAMMHMAMMsMHMSOAMAMAaan em 
MMM AMMH HM HMMA Aapnnan en 
DMO HMMM HM MMOS BS SB KS sae 
MMM AHO MMMM OM HSM oS S SB ze 
2 

NO 

DOM HASHMAHMHMSHAann ea 
MMA MAM HM SM SM mM S SM ae te 
PP 

hr BS 

DMA MH HMHMM MH SB eH 

MAM MO |S KM |S +H Fe +H FH 
DMM HMM MM RM 
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MM MM MM MM KN KM MK Mm 


RM MW BM WM MSM MK MK 


TEST VECTORS 
( A7 A6 AS A4 AB 
0 0 0 0 


ty 


PrRrRPOrPPrFOOOH 
Ww 


PRPrRErPORPOOO A 
tw 


PRPRPRFOrFRPODOM 
wo 


PrRrOrF ODO OC & 
tw 


PrRPrRrRPOrRPOOO WwW 
ivy) 


PrRrRPOoOrRODOCON 
w 


PRPrPRPOrRFOOdOF 
td 


rPOoOrOoOrROr OO 0 


->A_GT B A_LTB ) 


PRR ORF OO 
Pr rr OOO O 
MRR OrFrF OO 
errr OOO Oo 
PrRPrRPOPrRPPrRPOOCO 
PrRPrFrPODMCOAOAOON 
PrRrROoOOOrOO 
RPrRrOrFrFROO CO OF 
te bea eb 


© 
20 i oan eee En ee eg ees ie A oa 
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6.13 10-Bit Expandable Equality Comparator 6.0 Application Examples 


6.13 10-Bit Expandable Equality Comparator 


DEVICE: PEEL273 
FILE NAME: EQU273.APL 


This application uses the PEEL273 as an equality comparator 
for two 10-bit values (A0-9 and BO-9). When EXP (expand) is 
low, the PEEL273 works in a single mode, directly driving the 
EQU (equal) output high when A=B and low when A=/B. When 
EXP is high the EQU output simulates an open-drain output al- 
lowing expansion to multiple PEEL273 comparators with EQU 
outputs tied in parallel with a pull-up resistor (not to exceed 625 
ohms). Thus, using two PEEL273s, a 20-bit equivalency com- 
parator could be achieved. When using multiple comparators 
the EQU line will pull high only when all A and B inputs of each 
comparator are equal. The truth table is listed below: 


Inputs Output 

A0Q-9 BO-9 EXP EQU 
A = ‘e 0 if 
A # B 0 0 
A = B 1 Z 
A # B 1 0 


Vec 





pull-up resistor needed 
2 for expansion 







10-BIT 
COMPARATOR EQU 


(A = B) 





EXP 
(EXPAND) 





Figure 6.13a — Pinout Figure 6.13b — Block diagram for EQU273.APL 
for EQU273.APL 
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, TITLE ‘’APEEL FILE: PEEL273 10-Bit Expandable Comparator 
DESIGNER: Robin Jigour 
DATE: 10/15/87' 





PEELZ73 


| "PIN DEFINITIONS" 
"Inputs" 


AO 
Al 
A2 
A3 
| A4 
AS 


a a 
ay 
OW MATA OB WNP 


- 


p- 
be 
Ww 


be- 


"Pins 14-22, default polarity pos. 


He be be b- 
a 
Ons 


he Be 
ee 
Ww OID 


h- 


SS “OO "OOO: "OOO OC OO TO OO 
k- 

ee i? a? > ee er 2? Pe? > © eo 2 © Se ae ae ne ae eae 

NM NM NO be 

Nr oO hr 


p- 








"Outputs 


EQU 


EQUATIONS 


BOU. "Compare 
"If A /= 
"If A 
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ee] 
ie) 


Enable EQU "Tf EXP=0O enable EQU, if=1 then 
“compare A to B. 

"Tf A /= B, EQU is enabled and 

"If A = B, EQU is disabled so 
"that EQU=1 via pull-up resistor. 


MOMMA MM SM HS K 
He oH HE OE EE EE: 
MMO MAH MH eH 

He He HEE HEHE REE 


TEST VECTORS 
(AQ AB A7 A6 
0 O QO 


> 
ws 


Al AO B9 B8 B7 B6é B5 B4 B3 B2 Bl BO EXP —->EQU)E 
->H | 
—>L 
—>H 
—>L 
—>H 
—>L 


! 
Vv 
cH 


| 
V 
ta 


PRPrPrRPOOrFPEFPREP OO UW 
I 
V 
N 


PrRPOoOoDCOrFPrFODOC SO 
PRODOOFRrFOCAOO oO 
PrROOOOFRrGAGGOO 
PRPrPROOPEFHFEHE OO 
PrROOFRFORFErRFOOPHF SD 
PRrRORPrOOrFPPRFPOrRPOO 
PrRrROOOrFrFrFOOO 
PROrROOrFREHOFOO 
PrRrFEOODOOrREKFPFOOO 
PrRPOrROORPPRPOFOO 
PRPRPOOOrFRPEKErFHFOADO 
PrRPOPRPOOrRFPFOPHFOO 
PRrFOODOOrFPFKFFRAOCO 
PrROrRrOQODOrRrFOrFROO 
OrPrFODTDOOFFOOCS 
PrRrPrPrPrPODdOAOO 


0 
1 
i: 
. 
1 
0 
0 
dL 
1 
1 
1 


PrROODOOFRrPOCO 
PRrRPRPOOHFPHEHO 
PRRPRPOOrPrRPEFP oO 





| 
V 
(4 
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Editor Command Reference Appendix A 


Appendix A: Editor Commands 





The PDK-1 provides two methods for controlling the editor: 
Keyboard commands, or pull-down menus. These commands 
are summarized in the sections that follow. For a step-by-step 
guide to using the editor, please refer to section 4. 


Keyboard Commands 


The editor can be driven with commands issued from the 
keyboard. The commands are given by striking certain charac- 
ters on the keyboard while holding down the Control key. In the 
sequences shown below, the "*" character represents the [Ctrl] 
key. For example, to execute the command 4KAB, hold down 
the [Ctrl] key while striking K, then B. 


The keyboard commands of the PEEL editor are like those used 
by WordStar. For example, the "E D X S Diamona" (see figure 
A-1) can be used like the numeric key pad to move the cursor 
around the screen while the Control key is held down. Similar- 
ly, the letters adjacent to this diamond allow you to move the 
cursor from word to word, to scroll up and down through your 
file, etc 





Figure A-1. "E D X S Diamond" 
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a 


a 


Editor Command Reference 


Control Key Pad Description 
Command Command | 

ISD soc Seas sec aveasi Beat aataveeg Seaea tented Left word 

IS oa cectaihanecens left arrow..........00.. Left character 

IND ocacotecns tan right arrow .......... Right character 

INTE a bceueae uate adadendeeWueesawvelseesieeeees Right word 

INV -seccatiunetntes UP ALTOW.......ccereeeee Up line 

TX eusdascesceanes down arrow .......... Down line 

INR ceessacceteens PP PUD ls ccccosssesaecnete Up page 

ING eerie: [Pe Dit) s asicssciieut Down page 

NN sssdats iealatriss Gate Sesiec ide ate dettal Scroll up 

OT pssst ayes Soatune dota esha Scroll down 

EIGER | sce sbesSexiuasacectssdavaaseaseeners New line 

WNIN sas Sietvcteneevovalocacdeesukceadieiebedesetons Insert line 

ING eaceedoheaess HDG E [vessausetracestian. Delete character 

IST: Fs wisccca sewed posse siudine cteeheasaegenee Law 

POT) seed ouetatageieettentastonatanetvessateapeas Delete word 

DY i ie ides oct aia Sar cesctnease tases Delete line 

Lis 2 EMER pen EE IMC Pate Serene Reformat paragraph 
TI occa ceaesttditeds weSlesvamaivseuteediaeas Abort current command 
UND stor blescusnen cat vanegtvanss eatetvensetera Home or Beg/end of line 


To enter a character using its ASCII number, hold the [ALT] key 
down while typing in the ASCII number on the key-pad. 


Note that the keyboard command sequences do not work while 
in the pulldown menu mode 


Enter/Exit pull-Down Menu Mode 


The PDK also provides a convenient system of pull-down 
menus to drive the editor. 


General Pulldown Description 
Command Command 


PIO) erties eas ates Enter pulldown window mode 
[ESC] twice ..ccecscecsessssssesees Exit from pulldow window mode to edit mode 
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Block Functions 


Appendix A 


Control Pulldown Description 

Command Command 

AKAB.,.....00000 BE OU Nyieccatesescesatie Begin block 

RII, oc sstestes FENG. i crcetcateaterastnenets End block 

NK AC sscestetes CODY ssczcccditeseacesss: Copy block 

AKAYV’ civasoetee MOV G sistema Move block 

INKOAR on secvenes IGA sere sievvessovasexees Read block 

AKAW uo sessee WEILG o sossientanietciess Write block 

BIO. vectxesev Cle te aecapwnscdews Delete block 

ad so Deer Hide/show............ Hide/display 

Sececeaareatat Spell/check ..........Spell check 
Search Functions 

Control Pulldown Description 

Command Command 

A © 1a) cinerea Pa csndasdceteccss Find 

RQNAA .nesesseee Find/Replace ....... Find and replace 

2) Ener ete NGXU cctciesbediocsnoees Next Find or Find/Replace 
Go to Functions 

Control Pulldown Description 


Command Command 


ROAR wiciesce Top of file ........... 
RODE picoccutix End of file... 
MOAB sissacicins Begin block ........ 
AQAK ..... ee End block............ 
AOAN occas LING sersatbetdcaicetects 
SOR cedars CO]UIMM siccssscsccivees 
NOW sci csseeast Go market........... 
AKAM......s0008 Set market........... 


Cursor to top of file 
Cursor to end of file 
Cursor to top of block 
Cursor to end of block 
Go to line number 

Go to column number 
Go to marker number 
Set marker number 


° 
° 
° 
e 
e 
° 
e 
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Text format Functions 


Control Pulldown Description 
Command Command 


DIN Sccxceteetist: ENISEL L ctssstctossateseceves Toggle insert mode 
AQAW .......6. WOLd WIAD... Toggle word wrap 

BOA sisisasess Auto indent.......... Toggle auto indent 
BONG i cscecess Left margin .......... Set left margin 

ROARK Siesieies Right margin........ Set right margin 

WK AST beceneoees Tab: S126 usenet Set tab spacing 

NOMS, ..nesssees Undo limit............ Set undo limit 
sateaatednns Save settings........save text format settings 


Window Functions 


Control Pulldown Description 
Command Command 


AQAG .. eee Select.........cccccsessese Select second window 


ROEO Sees: ODCN sissercctetienecond Open second window 
AOAY 1s ClOSO ia eres) Close second window 


File Functions 


Control Pulldown Description 
Command Command 


RAD ssescesaes OpChiaieizaxcus Close current and Open file 


NKAQ vo cceeeee CIOS6 iahiealacs Close file 

RICKS, scsusste SAVE wissacacsaneisn Save file 

iscieseanedinerstns save AS.................9ave file under another name 
seaheseeeouan testes Directory .............L1Sst directory 

sshvehieté meneees Logged dir...........Log directory of disk 
eatets Srptaceteceas PriMticisscicssisiecok LIne (Ue 

secasieeaundastaaves COPY saunas MCOpy file 

Ae acshercaceaer: Rename..................Rename file 
esdestsnmecwesiets EFa€SC...........000000.-Erase file 

AKAX 

AKAQ......00000 QUES Aesesibesacese Abandon file 
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Appendix B: Programming Support 


Support as of Q2 1989. For additional information contact ICT or specific PLD programmer manufacturer. 


International CMOS Technology (408) 434-0678 


PDS-1 PEEL™ Development System + 
ICT Part Number 
PEEL18CV8 PDS-1 Software Version V1.20 or greater Call ICT for PLCC Adapter 


PDS-1 Software Version V3.20 or greater 













PEEL173 PDS-1 Software Version V2.00 or greater 
PEEL273 






Adams-MacDonald (408) 373-3607 Advin Systems (408) 984-8600 























| ICT PartNumber | Software 
Version V3.20 







BP Microsystems (800) 225-2102 


| ICT PartNumber | Software 
Version 1.07 or greater 










« Systems and updates identifed 
by this symbol have been qualified 
by ICT for their ability to program 
the devices listed. 

Contact ICT for information on 
systems not listed in this table. 













Digelec (800) 367-8750, in California call (818) 887-3755 


| ICT PartNumber | Software 














PEEL253 Version A-1.4 or greater 
PEEL273 Version A-1.4 or greater 
PEEL22CV10 Please call Digelec 
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Programming Support 





DATA I/O (800) 426-1045 


V2.3 or greater 
V2.2 or greater 


















ie) 













Model 60A + Model 60H + 
ICTPartNumber | Adapter _—| Firmware | Firmware 





360A-001 Version V11 | 3A it 
Version V14 | Version V14 | 56 
(Summer (Summer 1989) 
1989) 
Please call | Please call Data I/O 
Data 1/0 




























INLAB (303) 460-0103 











Model 28U % 


|ICTPartNumber | Firmware 
Version 11.02 or greater 


Mcrin7 


| Fottes | | 
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Kontron Electronics (800) 227-8834 


MPP-80S Portable Programmer 
Please call Kontron 


PEEL173 Version 2.2 or greater , 
PEEL273 


Logical Devices (305) 974-0975 





EPP-80 Base Programmer 
with Universal Module UPMW/B 


Version 2.1 or greater 













Please call Kontron 


Version 2.2 or greater 
















ICT Part Number 
PEEL18CV8 Version 1.44 or greater + 







Version 1.45 or greater + 


Stag Microsystems (408) 988-1118 
















PPZ Programmer ZL-30A Programmer 
ICT Part Number 










2M2200 
Version 37 


PEEL22CV10 Please call Stag 


30A800 





System General (Taiwan) 886-2-7212613 










| SGUP-85 + 
[ICT PartNumber | Firmware 
Version 3.0 or greater 













Version 3.1 or greater 

















INTERNATIONAL CMOS 
TECHNOLOGY, INC. 
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PDS-1 PEEL™ Development System 


Features 


m@ Development System for PEEL Devices 
— Editor, logic assembler, translator, 
programmer, and tester all in one system 
— Runs on PC-compatible computers 


m@ Standard PLD Programmer Functions 
— Program, Load, Verify, Secure 


m™ APEEL™ Boolean Logic Assembler 
— Supports all features of PEEL devices 
— "PALASM’*-like" equations 
— "ABEL*-like" macro cell definitions 
— Logic simulation 


m@ Translates Standard PLDs to PEEL Devices 
— Loads PLD or reads JEDEC file 
— Automatically translates to PEEL device 


@ Built-in File Editor 
— Edit source, JEDEC, or test-vector files 


m Enhanced Logic-Test Capabilities 
— Design verification with in socket 
— Special features: step, loop, capture, 


mM Expandable and Accessible 
— New support with software updates 
— Nocopy protection 


General Description 


The PEEL™ Development System is a powerful, yet 
inexpensive, PC-based system for designing with 
PEEL (Programmable Electrically Erasable Logic) 
devices. The PDS-1 is a personal PLD work-sta- 
tion providing everything needed to implement your 
logic designs from concept to silicon. Several op- 
tions for desiging with PEEL devices are available 
with the PDS-1. For example, an existing PLD 
design (i.e., PAL, GAL or EPLD JEDEC file) can be 
automatically translated and programmed into a 
PEEL device. Additionally, the translation capability 
allows you to use your present PLD logic assembler 
or compiler to design with PEEL devices. 





To fully support the advanced features of PEEL 
devices, the PDS-1 also provides the tools needed 
to design from start to finish, including a built-in 
word processor for design entry and editing, the 
APEEL™ boolean-logic assembler, a complete 
PEEL-device programmer and enhanced logic 
tester. The capabilities of the software-controlled 
programmer will be expanded as new devices are 
released by ICT. Registered owners are enrolled 
in the ICT software update service and receive 
programmer/development-software updates. 


PDS-1, PEEL Development System 
C-1 


Appendix D 


Input Lines (0-35) 
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p+ 12> 1/0 
INPUT 


MACRO 
CELL 


SYNCHRONOUS PRESET 
(TO ALL MACRO CELLS) 
ASYNCHRONOUS CLEAR 
(TO ALL MACRO CELLS) 


Lae Bess r—<15 » 1/0 
f——] MACRO . 
CELL 


MACRO ye 

CELL 

MACRO - 

CELL 
MACRO - 

CELL 

| > X16 > 1/0 
me MACRO 
CELL 


0 0 v are rv, a rv, @ vane 12 a 7 a? vi; 2 ~ 2 
peeueuens | peRVeusRe | peeusuens | eee | pee | aaa pene | pacer | 
4 Sores a ere 2 a ee 2 ee 2 ee eee ee Ee ee ies 
) a t+ +++} 4}# fet pt 
" aaa) = Be eee Ce an Ties toe eo ee ee Te se oe 2 eee | eb See a5 Ree ah eee ies Gee ees 
= 5 Pe EH Eg 
mS P—@$ Ff $F Eg 
ono tT tite ae © preeeerets 2 it hee Se @ aeRes fee 2 tee eee 
“ EE ee 0 ee ee ee ee ee 2 ee Be 2 ee ee eee eee eee ee eee eee 
@ 
Be EEE EE HE Ef 8 
N ee pS ee 
46, ba fafa Saeieres Fa fo Gon ib 
7 eee RUN ON SS OE A A MO 0 2 ee 2 ee en 2 ee Ee eee eee eee eee 
es eee on onc oc Gt oO SS Ot Go SO GE em Gu ct cnt somes eee oe 
Fp ee MS OG OO Eee an ct i $———+ Saar Ese ae st 
Nap ee ee eT 
—SX | TT eee eee 
N 00 Pe GE ee ee EE ee 2 ee ee eee eee 
ofl TT aT pe eT 
OS AS OA 20 BN A 008 Be SN A RR HS SA OA Se Se 2 0 © ee ee eee 2 ee ee ee eee eee eee 
ka : SRR E 0 el Be eee eee 
~e_f| TTT PPT eT — —4 
pote ERO) (EE) HF SE Cd 2 FE LN Ce] NRT 2 HS) Ae 0 BH A SF 0 2 ee 2 ee ee ee eee ee ee fa ee ee 
> wo] TT Per a eT eT OY 7] 
PF ees ES OG OS OS A Be 2 2 ee 2 ee 6 ee ee 2 ee ee Oe eee ee 
hens PH pt 
matt TE TF =F Go | Bo i ee mil hae a 2 eT) i 2 ae ee 
a a Oa OS 2 ee 2 2 ee ee ee 2 ee 2 ee ee eee ee ee eee eee 
- = ee 0 ee 2 ee ee 2 ee ee ee ee Re ee ee eee eee eee eee 
"a PE HH 4 tH Ht A 
= eon ie a 2a pose 2] [ee 2s ee fT Csd [| ty; 2 5 Pee 
a cee ace ce eee CgE CET aS emss mee CET C Cem c eemem 0 CGT GG met Sem C UEC EU cert cee C 6 GTC Gc memes Cos 0c tS memeeCCGE SOG Cocos 
~~ 2 ES 2 es © 2 ee 2 ee BE ee ee ee ee ee ee ee ee Pee 2 eee eee 
© p>——f FE 6 EEE —_$§_ 4 ——$__ $f 
_ tH +++ 4 He eet Eee + HH) REE HHH HH BEREARREees Cy yer rr yr ERRRE EE eee bee ee 
7 aes ban Ra aaa aa bore. ee) eee 
- I a ee 0 ee 2 ee 2 0 ee ee ee 2 ee eee ee ee eee 
i RAPA TN EL A ON ES RO Ee GWE OD ee St ne A EW OD EP 
EE ee 2 0 ee 2 ee ee 2 ee eee eee I 
N BASES Se NEE ee eee eee 
- Pg Tee 
o Ae ee ee ee 
fl A iu A A A | | 
aX x 38 R  ¢ Ron KR R A BIER: I DR: op 
Las © mon oO smuoR a - - 
“mM wr Sarne S2@ar BRA mmm a a es + Hn wn nD © 6 
wo Nn + Oo @ aon + @ gqanre oaan 
oN + © aon ©nog 32°93 8 Ss 3-8 Te ¢ TM HN nao wo 


INPUT 
INPUT 
INPUT 
INPUT [5 > 
INPUT [| 6 > 
INPUT 
INPUT [ 8 > 
inpuT [ 9 > 


INPUT/CLK 


(€£-O) Stusay jANpOIg 
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Input Lines (0-43) 
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i/o 
fo 
/o 


C23 > 
(22 > 1/0 
(21 > 

> +20» Vo 
C18 > 1/0 
C17) 1/9 
C16 > 1/0 
C15 > i/o 
{14 > 1/0 
C13 | INPUT 


ASYNCHRONOUS CLEAR 
(TO ALL MACRO CELLS) 
MACRO 


| | MACRO - 
} CELL 
| | MACRO > 
Pf CELL 
| | MACRO > 
CELL 
| | MACRO Be 
| [CELL 
| | MACRO Be 
Pf CELL 
| |. MACRO Pe 
Pf CELL 
| | MACRO > 
CELL 
SYNCHRONOUS PRESET 
(TO ALL MACRO CELLS) 





) > 

) > 

) > 

) > 
fa 












































tn aaa 
PD, TE (BS A A A ane 
is eS ELT i ee | 
aa OH eS co 
r ae a cH 
oto C4 
eA dd mal 
= SR A 0 OO Cc 
= se SSAA Ce A DS 4 
x ae ee SE GE lo HS CO — 
= ini mae PTT Bai 
= A sO 1 
i ae sO 4 
x Ae a eS —— 
a ES ee a EEL re 
co oe oe oe 7 
i Ds SO 4 
7 Os RS OO OSS Ha 4 
oe a arr Se a RE eae 
4 OE al a 
= es De a SD 4 
PT ce en eA A LAN Hh 
ES Se i+] Era meericctn: an 
EO OS EE EE a HEH cae 
PE de | Foi ae TS ee Ee 
Lt pg} 4 pe 0 aE ae LY ine 
Ss eu sess ox Pome SSS Taf mw fmm as os sus sme eS as mm SS eee SESE ee ee Sa SS SESS ST naam Teeeee est ete ee 
cio ; ms a BAAS LS Ak GOLA AA LA LA LES A GN LAA Ld LE UN LALA LD LEN PSD AA LEED LA Ld Lt A LA LL LA A Hh 
° o aS 2 AS rs [NN © [N © hs . ZN 2 es 9 rhs = a 
q 

z 5 5 & 5 5 5 5 5 5 : 
= 2 z z z z Z Z z 2 z 

a 
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(16-0) Sway jonpoig 
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Logic Array Diagrams 


input Lines (0-43) 


ASYNCHRONOUS CLEAR 
(TO ALL MACRO CELLS) 





1 3 S$ 7 9 3213.15 17 19 21 23 25 27 29 3133.55 57 39 41 45 
O27 45 Sp B (10,12 454518 ( 18,201 22) 24 | 26 | 28) 30) 52134) 361 58) 40/42 


x 
Li 
oO 
~N 
Ke 
> 
oO 
2 








>a 


INPUT [ 2 


INPUT [ 4 


(121-0) Slay, JONpoOsg 


4 














INPUT 


eI 












= 


iNnPpuT [ 9 


_ = ° 
SYNCHRONOUS PRESET 


(TO ALL MACRO CELLS) 


INPUT 





PEEL22CV10 / PEEL22CV10Z Logic Array Diagram 
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INPUT PIN LABELS 


ROW NUMBERS (0-45) 


| 


COLUMN NUMBERS (0-41) 


PIN NUMBERS 


4139 37 3 33 


31429 #e@7 2@5 23 at 19 17 15 #13) = 9 7 5S 3 1 


40 | 38 | 36 | 34 | 32 


30 | 2B | 26 | 24 | 22 | 20 | 18 | 16 | 14 | 12 | 10 8 6 4 2 0 





i 2 

i 

Se 

Oa Sa i 
i a a a lB SRE EE EEE EEEEE 8 
fg a a eS a 6a ES aA a Sl a a a = Ca FR a 
Od 0 an Cae (Sl TP GG Lm 

A ae aS hl Se a SW fl a Sa OO eT 


> > °) o 6 o o 6 
{\ £\ {\ {\ £\ {\ L\ f\ 


ey Oy te) sel ye) 


of al al al «, mt of Ant ol io 
(\ 

i 
() 
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PIN NUMBERS 


INPUT/OUTPUT PIN LABELS 


PEEL153 Logic Array Diagram 


D-4 


Logic Array Diagrams Appendix D 





INPUT PIN LABELS 
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